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The effects of four types of fastening and of 
properties of a timber shell membrane vlere studied. 
on the 
The membrane was 




running at ri angles to the outer 
of nailing and one of nail-gluing~ 
The fastenings 
Timber 
were characterised by grading modulus (g.m.) which Was the 
of prototype boards on the flat under' centre point loading over 
a 3 £t span while the were characterised by the load-slip 
behaviour of representative joints. The joint behaviour showed little 
correlation with gom. 
Prototype and 1/5 
bending and 
model elements were tested compression! 
and constants were computed. The 
various constants were affected to different degrees by the four of 
according to the level of stress carried by the fastening 
under the element loadings. The model similitude obtained in 
the elements was good when this was based on gom.~ the load-slip 
behaviour of representative joints and the weight of glue spread per 
uni t area of ghlelineo 
Two 1/5 scale model timber shells were built and tested,! 
one nailed and the other nail~glued~ Their deflections were about twice 
those calculated by a simplified analysis for orthotropic shells. Their 
relative behaviour was similar to the relative behaviour of the model 
elements in shear which suggests that the discrepancy between calculated 
and observed deflections arose from shear deformations which the 
ignored. 
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1 0 "1 GENERAL 
Attractive and comparatively cheap shell structures can be built from 
layers of boards connected either by mechanical fasteners or by an adhesive. 
Particularly in Britain since the mid-1950s a number· of industrial and 
educational buildings have been roofed with timber shells. These roofs 
have performed well in service. The hyperbolic paraboloid (hop.) has been 
the predominant shape among these with other shapes such as the conoid1 the 
elliptic paraboloid? the sphere and the cylindrical shell being used only 
occasionally0 
The earliest use of timber for shell roofs was in the 1920s in Russia 
with the construction of a number of cylindrical shells of large span and, 
by present stalldards~ of heavy construction. The largest of these was 95 ft 
wide with a span of 320 ft although it has been reported(1) :to have suffered 
considerably from large deflections. Ii 
This problem of deflection Usually the governing design criterion 
rather than strengthe It is common to most timber structures and arises 
from a low modulus of elasticity often accompanied by flexible jointing 
systems and is also affected by fluctuating moisture content. Estimation of 
the deflections of timber shells is often rendered difficult by the complex 
properties of the boarded membranes, and for shells with mechanical 
fastenings, of very doubtful precision since mechanical fastenings do not 
exhibit elastic properties. 
Consequently, current trends are towards modest spans of about 60ft, 
for which satisfactory desig;ns can be produced from approximate analysis 
.superscript numbers in Parentheses refer to referenced Ii terature 
combined with engineering judgmentQ For larger structures g particularly 
those with mechanical fastenings g the dangers of excessive deflections and 
buckling are considerable and approximate analysis is no longer satis£actory& 
In such cases recourse usually made to experimental study. 
In experimental studies it is desirable to work on small scale models 
for econom¥u ease of testing and control of ambient conditions. 
small scale models (say less than 1/10 scale) are possible only with a 
glued construction because o£ the physical difficulty of driving fasteners 
shorter than about i ina Nevertheless the shell with mechanical fasteners 
is less costly than a glued one to build and so 
designer will prefer" 
the shell which a 
It follows then that if the relative behaviour of mechanically 
fastened timber shells and glued shells were knoW'ng or coUld.be easily 
determinedp then the performance of prototype mechanically fastened shells 
could be predicted from the performance of cheapp small scale model glued 
timber shells" 
1 02 LITERATURE SURVEY 
The papers by Lee(2)? pestman(3)g Booth(4)p and Tottenham(5) and the 
discussion on shells at the First International Timber Engineering Conference 
in 1961~ probably comprise the most concise statement of the work on timber 
shells to that date. 
Lee describes his study of the relative effects of plain wire nails 9 
grooved shank nails and nail-gluing on the behaviour of shell elements 
under shear, bending and torsione The stiffness of the glued elements were 
found to be 4. 6g 208 and 1.3 times respectively that of the nailed elements 
under the three types of stress mentioned. He also describes the 
construction of a nail-glued conoid shell roof with three layers of i X 5~ in. 
tongue-and grooved (T & G) boards laid along the straight generators and at 
+600 to this directibno 
Pestman briefly describes shear tests on an element representative of 
the membrane ,0£ a nail=glued h. p. shell of three layers laid in the 
directions of two adjacent sides and the tension diagonal" An ultimate 
stress of 1140 psi was observed which provided data for the design and 
testing of a single half-scale h. p. t 13 ft square as well as an assemblage 
of four of these shells. This work led to the construction of several h.p. 
roofs in Holland, all with nail""glued membranes. 
Booth describes the testing of a 29 ft span by 12 ft wide half~scale 
nailed conoid shell of three l~ers of ~ X 2~ in. T & G Redwood boards laid 
o 
along the generators and at :t30 to this. The shell was considered to be 
too flex:ible even when the front and rear t1(::d arches were triangulated to 
form bowstring trusses. Hence the prototype conoids resulting from this 
work were nail~glued. Booth evidently experienced difficulties in testing 
as he remarksg lito get the maximum information from a test on a timber 
shell roof the test should be undertaken in a laboratory equipped with 
temperature and humidity control. The loading of the model should also be 
carefully controlled". 
BaI"ron(6) followed up the above-mentioned work by testing a model 
conoid constructed to 1/30 full size in balsa and glued instead of nailed. 
He found agreement wi thin 1 0% at 1St lb/sq ft uniformly distributed load 
(u. d .. lo) between his and Booth Os conoid if deflections due to edge member 
deformation and that due to membrane deformation were multiplied by 
different scale £actors~ These factors were determined by testing in.flexure 
elements representative of the edge members and oj? the membrane respectively. 
However at 2Tllb/sq ft and with the front and rear tied arches triangulated 
40 
to form bowstring trusses, BarronQs model predicted deflections of about 
twice those observed on BoothOs model. Reasons for this lack of 
agreement were (a)g the non linear load deformation behaviour of the small 
model and (b)~ lack of model similitude in the mechanical fastenings of the 
bowstring trusses. Examination of the respective deflection patterns for 
these mOdels suggests a third reason: that they developed different but 
stable buckles in the membrane. 
Tottenham discusses methods of analysing the various shell shapes and 
states that: nthe two basic problems in analysis of timber shells are (a) 
those relating to timber~ and (b) those relating to elastic shells ff. While 
the second set o£ problems has received much attention particularly with the 
advances in computer technology, the first has not& In my opinion it is 
possible that analytical techniques could develop to the degree that the 
anisotropic,inel9-stic properties of nailed timber shells could be handled. 
Tottenham concludes: "ea) Although a variety of forms of shell roofs can 
be designed in timber there is a ,dearth ofe:xperimental evidence to check 
the design methods. Site investigations ter.td to have even less validity 
with timber shells than they do for reinforced concrete shells owing to the 
variability o£ the properties of timber and the rapid changes of strain that 
can accompany changes of humidity of the surrounding atmosphere. (b) The 
forms of roof for which the.design methods may be considered satisfactory 
are the cylindrical shell, the spherical shell~ and the elliptical 
paraboloid shell, these then are the most suitable for immediate laboratory 
investigationo (c) The great popularity of h.po and allied shapes among 
architects raise more serious problems. Considerable research is required 
both in the theoretical and experimental £ields in order that more adequate 
design teChniques may be evolved .. (d) Basic data on the elastic 
properties of boarded assemblies is also required for incorporation into 
design formulae. (e) Finally the low,value of Youngts modulus for timber, 
together with the low ie£fective 9 stiffness of a ~imber shell means that 
elastic instability or buckling is a serious problem". 
Point (c) above has since been investigated by Keresztesy(7) who tested 
55 inch square 1/12 scale h~ p" shells constructed of four layers o£ 
1/16 X ! in. wood laid in the direction o£ the compression diagonal, 
the two sets of straight generatorsg and the tension diagonal respectively, 
fastened together with a casein glueo Two types of support conditions~ 
namely: built-in at the two low support cornerso and pivoted at the support 
corners with two edge beams adjacent to one high corner supported by columns, 
and three sizes of edge beam were investigated to produce design nomographs 
for prototype shells up to 100 ft side length on the criterion of maximum 
allowable deflection under uniform vertical loadingo Further work on a 
quarter-scale diamond shaped h.p. was conducted by Keresztesy(8) and 
compared with mathematical analyses from which he concludes that "the stress 
distribution over a substantial part of the shell can be determined by the 
membrane theory and that bending moments occur only a certain zone along 
the edges. The largest bending stresses are usually about 10 to 20 per cent 
of the permissable stresses under normal loading conditionst and the 
simUltaneous membrane stresses are also very lowo Due to the fact that 
timber resists tension and compression equally!.> the bending stresses shou.ld 
never affect the safety o£ the structtu"et andll as far as stress analysis 
concernedll the membrane theory can be regarded as a satisfactory 
iilpproximation". It appears then that Keresztesy has produced ample 
information for the confident design of glued timber h.p. shells o 
A further ;reported work on a model shell is that of Egner . (9) ale on 
a nailed, 1 /7 scale~ h. p. shell9 ., Ot 9 ft square in plan with the two high 
corners at 3&6 ft and 6.4 ft above the low corners", The membranes 
contained three layers of 3 X 26 mm laid with the outer layers 
parallel to the compression diagonal and the middle layer parallel to the 
tension diagonal& Although it would be interesting to compare this work 
with Keresztesy because all the edge beams were supported on columns at" 
thei:r quarter points such a comparison would be of doubtful validityo The 
membrane of this nailed shell appeared to be very flexible with greater 
deflections occurring the membrane than at the two free high corners .. 
Numerous reports of prototype structures have appeared in various 
journals which give some details of their construction and usually no 
indication of the method of designo 
1 '" 3 SCOPE OF THIS STUDY 
Consideration oj; the works described above led to a number of 
conclusions: 
(a) Testing shell elements is a simple method of determining the basic 
properties of boarded assemblies and the effect on these of such 
variables as the arrangement of boards and the type of fastening. 
(b) There muCh uncertainty as to the, increase in stiffness to be 
gained by including glue in the membrane o£ a shell~ Lee'ls work 
indicates that the of a glued element not likely to 
be a constant factor times the sti£fness of a similar nailed 
element but that the £actor will depend on the type of stress 
acting ol'lthe element .. 
7. 
(c) The validity of a given nailed shell des;ign could be determined 
by testing a very small scaleg say 1/24th, glued shell if the 
relativede£lection of nailed and nail-glued shells of that 
design were known. 
(d) Since these shells exhibit low stresses in the membrane and for 
modest spans adequate stiffness is gained by nail=gluing~ they 
seem a usefUl means of using large quarrtities of low grade timber 
of which New Zealand has an abundance" 
Arising from these conclusions t it was decided to investigate the 
effects of the type of fastening and of scaling on the properties of the 
membrane of a shell by means of tests on shell elements according to the 
following programme: 
10 Determine properties typifying the components of a shell membranet 
namely the boards and their fastenings. 
2. Relate these properties to a suitable property of the timber that 
can be used as an index parameter. 
30 Determine the elastic properties of shell elements for different 
types of fastening., 
4. Repeat step 3$ working in as small a scale as possible and 
determine the model-prototype relationships for the various 
properties. 
5. Compare model shells with different types of fastenings. 
The timber used throughout_this study was Pin~radiata D.Don since 
this is the most economically and structurally important timber in New 
Zealand. 
8. 
The type of prototype membrane studied was constructed of three layers 
of 3/1 b X 3i in~ T & G boards arranged with the middle layer at right angles 
to the outer two. . 'This type was chosen because~ 
(a) was simple to construct and analyse, 
(b) both of the locally=built shell roofs used this arrangement, 
(c) it was similar to plywood and possibly plywood theory would 
therefore be relevant. 
The fastening methods chosen for the prototype elements were nailing in 
the three patterns in figure 1..1 and nail-gluing using an urea-formaldehyde 
resin with gap-filling hardener at a rate o£ 0.1 lb/sq ft/glueline with the 
second nailing patternQ Ignoring the nails between the 2nd and 1st layers, 
the nailing patterns 1 t 2 and 3 gave 5. 8~ 11,,6 and 23.2 nails/sq £t 
respectively. According to Lee~ 10 to 12 nails/sq a common nailing 
density. 
The circular cylindrical shell was chosen for the model study because~ 
(a) it was found from the elements tested that the type of fastening 
had a marked effect on their behaviour in shear and in flexure 
but not in compression parallel to a layer of boards. A 
cylindrical shell should illustrate this effect more than a 
typical hyperbolic paraboloid constructed with the boards laid 
parallel to the diagonals sincet to a first approximation, under 
l~~d"l. the hep.produces only stress parallel to the. directions of 
the boards while shear also produced in the. cylindrical shell; 
(b) it was simple to construct and suitable formwork was already 
available& 
.' 1 1 1 1 1 ,I I ,I 1 ,I I .1 j' ,I 
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Pattern I Pattern 2 Pattern 3 
.. 11'x 14swg plain wire nails through 2hU,and 1st layers 
, 2fx 11 swg annular grooved nails through all 3 layer::.. 
(a) Nailing patterns in prototype elements 
. 
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Pattern Pattern 2 Pattern 3 
• mode I nails through all 3 layers 
(b) Nailing patterns in model elements. 
if"1 t';; ;iUU""""",,," ,If 2+ x 11swg annular grooved nail 
,II 
l'i x 14swg plain wire nail 
model nail (Lilliputian pins) 
I ! I • I ! , • It, . I ... 't, ! I 
o 1 2 3 ins. 
(c) Prototype and model nails 
FIG,1.1 Nailing patterns and nails used in this study. 
10., 
The property used as an index parameter was the stif'£ness of the 
prototype boards as determined by the type of mechanical stress grading 
machine used in New Zealando This property was called the .1 grading 
modulus" and from an engineering point of view is a much more significant 
and readily measured property than is the commonly used property of density 
which undoubtedly a useful .reference for laboratory work .. 
The scale for the model work was 1/5. This gave a model board 
width Of' 0,,7 in. which was easily obtairLed from the prototype boards 
of 0~85 in. thickness~ The model element thickness was thus i in. ~ the 
length of the shortest available nails. 
The types of nail used were 1! by 14 S~Weg& plain wire nails 
through the middle and bottom layers' and 2-l in" by 11 s. wo g~ annular ly 
grooved shank nails through all three This represents typical 
timber shell construction. Grooved shank nails are used preference to 
plain wire nails to avoid the danger o£ the nails I'11wrkillg out" and 
puncturing the weatherproof coveringo AIso~ they probably provide a greater 
pressure between the l~ers for gluing although 
certain" 
:not known for 
CHAPTER TWO 
-------
GRADING MODULUS CONCEPI' 
. ......,.,... 
201 DEFINITION 
IE a bogrd is simply supported non the ElatH over a 36 in. span and is 
centraily loaded by a point load, then the modulus of elasticity calculated 




E "'" 48 I 2S. 
E = grading modulus (psi) 
P = central point load (lb) 
L = span (36 in.) 
6 "" midspan deflection (in.,) 
This definition arises from the common use New Zealand of the 
Australian-developed "Microstress U stress grading machine which applies a 
predetermined load in"the above..odescribed manner to a board and marks it 
according to the obs~!ed central deflection. 
2.2 PROTOT'YfE BOARDS 
------
For this study approximately 20g000 feet of ex 4 X 1 in~ T & G 
kiln dried radiata timber was obtained from a local merchanto This timber 
was all that could be converted in this size from logs from dominant and co-
dominant crown class· trees" Since no visual selection was applied to 
• Two.£urther crown are sub-dominant and suppressed • These 
classifications refer to the height of a particular tree releVant to the 
average heights of s.urrounding treeso 
this timber about 25% of it would normally be classified as Box grade. The 
fillet-stacked timber was allowed to reach equilibrium moistUre content 
(eemOce) for laboratory conditions. This e.moc. ranged from 9-12% in 
individual samples with a mean o£ 10$7%. As testing for grading modulus 
proceeded the timber was block stacked, i.e. without fillets, thus 
preventing further change in moisture content except for the outermost 
boards which continued to be affected by fluctuations in laboratory 
conditions. The average cross-sectional dimensions are shown in figure 2.1 .. 
The grading modulus was measured at 36 in. intervals using the 
apparatus shown in figure 2.2. The deflection at midspan caused by a 20 lb 
weight was measured with a dial gauge graduated to 0.001 in. but whose 
reading was estimated to .0001 in. A preload of 10 lb on the 5 lb hanger 
was usually necessary to ensure a firm bearing on both roller supports. 
The grading modulus was calculated with a slide rule and recorded at the 
point of measurement on the board. 
The deflection caused by a 20 lb weight was measured since a "Micro-
stress
" 
grading machine would be adjusted to apply this load to timber of 
these dimensions. The type of visible defects which occurred in the 1 ft 
length about the midspan point was also recorded. 
The frequency distributions of grading modulus measurements for the 
total quantity of prototype boards and for those points free of visible 
defects are given in figure 2 .. 40 
In case an adjustment of grading modulus was later necessary due to 
changmg moisture content9 21 boards, 37 in" long. covering most of the 
range of grading modulus were selected and subjected to various humidity 
levels$' resulting in changes in dimensions and modulus. The dimensions 
r 
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Note; standard deviations shown with thickness and width 
dimensions. 







FI G. 2.2. Appara tus for measurement of grading modulus 
of prototype boards . 
FIG.23 Apparatus for measLI'"ement of grading modulus 
















Histogram for all, measu 
6116 total,1·000x10 psi. average 
Histogram for measurements at 
points free of visible defects 
3046 total,1-OTlx1ct psi averClde 
FIG.2.4 Frequency distribution of grading modulus measurements on prototype boards 
16 .. 
and modulus of each board were measured, the boards weighed and then open 
stacked in a cabinet whose humidity could be controlled" These were tested 
at weekly intervals covering a range of moisture content from 7-25%, working 
from minimum to maximum to minimum to allow for the hysteresis effect 
usually noted" Follovling this the boards were soaked for one week, 
measured, tested £ormodulus, oven dried and reweighed. The observed 
effect on grading modulus is shown in figure 2" 5. From the fitted 
regression equation it is seen that a 1 % moisture content change causes a 
1.8% change in gradingmodulus.o 
2.3 MODEL ~OARDS 
Strict modelling of the prototype boards to 1/5 scale was not 
. obtained in that the tongue and groove COUld not be reproduced. Instead, 
model boards o£ rectangular cross section were cut from the prototype 
boards. The dimensions desired were 0 .. 7 ino by 0.17 in~ which were 1/5 
of the 3.5 in" and 0.85 in. average dimensions shown in figure 2 .. 1. 
A sU£ficient quantity of prototype boards were reduced in thickness 
to 0.7 :!: o~ 005 in. by means of a thicknesser, the wood being removed from 
Next the boards were passed over a buzz.er to remove the 
tongue and produce a· squarell straight edge. The model boards were then 
ripped from these using a circular saw bench with a planer blade set 0.17 in., 
from the fence. Rubber tyred roller.s were set up to guide the timber 
firmly against the fence and the actual thickness obtained was 
a .. 1689 .:to.005S in. 
To determine the grading modulus of the model boards the apparatus 
shown in figure 2b 3 was designed to reproduce the fUIlction of the prototype 
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Regression eq, RATIO = -0·01843xM/C+'·1898 
-------------:-----~-.. '-------
'2~------~1~----~~0~----~30~~ 100 
PERCENT MOISTURE CONTENT 
FIG,2.5 Change of grading modulus with moisture content for prototype boards 
110 
diameter rollers at 7 .. 2 in. centres with a hanger at midspan guided 
vertically by three ball bearing wheels 0 
A weight of 0 .. 8 Ib could be placed on the hanger or held clear by a 
lever and clip arrangement. Ii dial gauge graduated to 0.001 in" recorded 
the vertical movement of .the hang.er while a second dial gauge above the 
right hand roller measured the thickness of the model board. It was 
necessary to use the actual rather than the mean value of thickness since 
the coefficient of variation of 3& 5% in the thickness would produce an 
apparent 10.5% c.. of v 0 in the grading modulus $ A vibrator attached to 
one leg of the apparatus was effective in overcoming friction to give 
repeatable results. The modulus was measured and recorded at 4 in~ 
intervals, being calculated from the observed deflection over the 7.2 in. 
span caused by the 0" 8 Ib weight. 
The frequency distribution of the modul1,ls values of the model boards 
and of the prototype boards from which they were cut are shown in figure 
2.60 A more symmetrical distribution was obtained than that for the 
prototype boards in figure 2.4. The presence of defects in the prototype 
boards would appear to acco~t for this because it seen in figure 2.4 
that boards without visible defects give a more symmetrical distributi.on 
than does the whole sample. 
2.4 MODEI.-.PR.OTOTYlE CORRELATION 
An effect called the tldepth e£fect tl whereby an increase modulus of 
elasticity and decrease in modulus o,f rupture accompany an increase in beam 
depth is usually observed(10) in timber. Therefore the mean grading 
modulus of the model boards should be less than the mean grading modulus of 


















Key:il Histogram for measurements 00 
model boards at 10.8 010 ave. mlc 
7744 total. H384x1d'psi. average 
~ Histogram for prototype boards 
~.J07 readings,H001X1d'psi.average 
2·0 2·5 (xl0' psi) 
FIG.2.6 Frequency distribution of grading modulus measurements on model boards andof those 
prototype boards from which the model boards YJere cut. 
20 .. 
that the average moduli for the model and prototype boards are 1 & 138 and 
10100 X 106 psi respectively. 
To investigate this effect 21 prototype boards g 37 longp were 
selected free from visible defects over their cer.l.tral 12 in" and 
measured for grading modulus. Each was cut into eleven model boards 
as described previously and the modulus of the model boards was determined 
at the same point as in the parent prototype boards. The resulting 
correlation is shown in figure 2.7. Again the mean model values were 
higher than the prototype val"ues but~ with such a large scatter pr'esent 
from differences between earlywood and latewood bands, a larger sample 
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model = 0-8 S66xproto. + 0-2575x10 
~ W ~ ~ 
PROTOTYPE BOARD GRADING MODULUS 
2.7 Plot grading moduLus of prototype boards against grading modulus of 
model boards cut from them. 
CHAFTER THREE 
PROmRTIES OF RADIATA PINE 
Small~ clear, air-dry specimens were tested according to the 2 cm 
standard methods(11) in order to describe the timber and relate its 
properties to grading modulus. 
3.1 EXPERIMENTAL INVESTIGATIONS 
3~ 1.1 .§pecimenPr~parati.£!!, 
From the stacked prototype boards g 50 pieces each 37 in. long were 
selected. These were free of visible defects and contained a 12 in. mid-
length portion with a gt'i;l.in slope less than 1 in 20" Two pieces were 
later discarded due to. e:x:cessive grain slope. A wide range of grading 
modulus was sought as the results were to be correlated against this 
r 
property" , 
The selected pieces were fillet-stacked for two weeks ~n a constant 
temperature room with controlled atmosphere of 68 + 20F and 57 ± 2% roh., 
and then retested for grading mOduluso The central 12 in. lengths were 
then cut out and the 2 em ~liuare specimens cut from these while the offcut 
lengths were retained for fabrication into nailed jointse Both specimens 
and of£cuts were returned to the constant temperature room £01' a further 
three weeks before trimming to length and testing. 
3.1.2 Experimental Procedure 
The specimens were tested on a 25,000 lb Avery universal testing 
machine according to the 2 cm standard methods £01': 
(a) Static bending 
(b) Compression parallel to the grain, and 
(c) shear parallel to the grain. Also a test method for 
(d)- compression perpendicular to the grain was devised by scaling 
the standard method for 2 in. cube specimens. 
In detail these methods are as follows: 
(a) Static bending: 2 X 2 X 30 em specimens were simply supported 
over a 28 cm span in the apparatus shown in figure 3.1 and 
loaded centrally with a single point load. No attention was 
paid to the orientation of the annual rings but the specimens 
were load~d in the same direction as they had been in the 
prototype board when being tested for grading modulus. The 
central deflection was assumed to be equal to the relative 
movement of the machine platens which was recorded on the 
automatic load-deformation recorder of the machine. The 
required rate of deformation of 0.26 in./min. was obtained by 
manually adjusting the rate of oil flow and observing the 
movement of the automatic recorder. 
(b) Compression parallel to the grain: 2 X 2 X 6 em specimens were 
tested in the cage shown in figure 3.2. 
(c) Shear paral;Lel to the grain: 2 cm cube specimens were tested in 
the apparatus shown in figure 3.30 
(d) Compression perpendicular to the grain: 2 cm cube specimens were 
tested in the apparatus shown in fugure 3.3 at a rate of 
deformation of 00 01 ino/min. with the load being applied in the 
direction of the thickness of the parent prototype board. 
The specimens were removed from the controlled atmosphere a few at a 
FIG. 3.1. Standard 2 em. static bending test. 
FIG.3.2. Cage used for parallel- and perpendicular - to -grain 
compression tests 
I, • 
FIG. 3.3. Apparatus for 2 em. standard shear parallel 
to grain test. 
, . 
26. 
o time as the laboratory conditions were in the range 68-72 F and 58-68% r. h. 
Immediately after testing each specimen was weighed and oven dried. 
3.2 RESULTS 
3. 2.1 ~ Processing 
(a) Static bending: values for modulus of elasticity (MOE) and 
modulus of rupture (MOR) were calculated from the automatically 
recorded load deformation graphs and the measured specimen 
dimensions. 
(b) Compression parallel to the grain: the fibre stress at maximum 
load, the nominal density, (oven dry weight)/(volume at specified 
moisture content), and the moisture content were calculated. 
(c) Shear parallel to the grain: fibre stress at maximum load, 
nominal density and moisture content were calculatedo 
(d) Compression perpendicular to the grain: the fibre stress at 
proportional limit and moisture content were calculated. 
The grading modulus values were adjusted to apply to 12% moisture 
content according to figure 2.4 while the strength values were adjusted by 
the following equation given by Wangaard (12): 
_ (C - D) SA 
Log SD - Log Se + (A _ B) Log s; 
where A = fibre saturation moisture content (28%) 
B = air dry moisture content (12%) 
C = mois ture content at test 

































0 M.O.E =0'S3SSxE + 106,517 psi 
~ 
GRADING MODULUS (adjusted to 12 El/EI m/c) 
FIG.3.4 Plot of modulus ot eLasticity in static bending against grading modulus 
at 12 "1. moisture content 
SA,SB = species mean strength values at green and air dry 
conditions respectively 
Sc :::: strength value at test 
SD :::: adjusted strength value 
The adjustment amounted to about 2% in most cases. The values 
28" 
obtained are shown plotted against grading modulus in figures 3.5 to 3.9$ 
3 .. 2. 2 Correlation ~ Grading Modulus 
The regression equations obtained by the method of least Squares are 
given in table 3.1. 
TABLE 3.1 Correlation of properties at 12% m.c. against grading modulus 
REGRESSION COEFFICIENTS IN CORRELATION 
PROIERTY PROPERTY :::: M XcE + C COEFFICIENT 
M C r 
MOE .8388 106,520 psi .877~ 
MOR Q 005 39 4,316 " ,,790··· 
Max 0 stress compr. II. .00264 2,035 It .869··· 
Max .. stress shear II .000353 1,103 ii • 44 ~.:i""&o. 
Propl. limit stress compr. 1'" .000117 697 it .. 230 
-
Nominal density ,,00000473 1 7. 87 lb leu £t .600··· 
I 
• II means parallel to grain 
•• 1 means perpendicular to grain 
••• significant at the 1% level of probability 
3.2.3 Comparison.~ Published ~ 
Referring to figure 2.4, the mean grading modulus of defect-free 
























:5 Regression eq: 
c 
~ M.O.R.:O·005385xE + 4316 psi 
1'() 1-5 (x 10·psi) 
GRADING MODULUS (adjusted to 12 °/. m/c) 
of modulus of rupture in static bending against grading modulus 














































stress:O·002641xE +2035 psi 
GRADING MODULUS (adjusted to 12011/. 
6.3.6. Plot ot maximum stress compression parallel to grain against grading modulus 
























stress=0·000353xE +"03 psi 
GRADING MODULUS (adjusted to 12 11/0 m/c) 
FIG.3.7 Plot of maximum stress in shear paraUel to grain against grading modulus 
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stress= O'0001168xE +696·7 psi 
·5 H) 
GRADING MODULUS (adjusted to 12°'. m/c) 
FIG.3.8. PLot of proportional limit stress in compression perpendicuLar to grain againsl 
grading modulus at 128'0 moisture content. 
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C Regression eq: 
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1·0 1-5 (x 1o'psi ) 
GRADING MODULUS (adjusted to 12·,. mJc) 
FiG.3.9. Plot of nominal density against grading modulus at 12·,. moisture content. 
1.051 X 106 psi at 12% according to figure 2.5. Since the standard 
strength values also refer to defect-free timber, this value of grading 
modulus has been substituted into the equations in table 301 to give the 
data in table 3.20 It is seen from this table that the radiata used 
averaged about 10% weaker and about 40% more flexible than that from other 
sources. The 2 in.. and 2 em standards are not directly comparableg 
however f due to a scale effect. The ratios, 2 in9/2 cm, of the mean 
values for a large number of species have been calculated(13) and found to 
be 1.07, 0.95, 0.96 and 0.88 for MOE, MOR, compression II grain and shear II 
grain respectively_ However, considering the variation in these 
properties and the good correlation with grading modulus obtained, 
especially for MOE p MOR and compressive strength parallel to grain, it is 
possible to select material representative of that from other sources. 
TABLE 302 Comparison of mean mechanical properties of small, clear specimens of 
a selection of structural timbers (with radiata) at 12% m.co 
I 
~ ,.-... 
i ~ ~ E-1 
~~ Ii2:I t:I:: ~~ SPECIES E~ 'E-1 H ~ ~. ~z ~ ~ , ~~ CIl r..:I 
AND M S H co; " ~ Cl::~ , CIl~~ ,~~ ~ A· • 0 ~~ H ;:::>r;.H i~ ~Z<l! I :;a~ §OE-1 c~~ op,! tj~ SOURCE ~ 3 'I!r.l ~~ H'C)' Z •• I" CIlE--l ~E--I ~~ ~ CIl p,!..- f ttl ~~ CIl z~ CIl 
S ott: 0 0 
UNIT 1lb/cu £tx106psi psi psi psi psi 
~ 
Radiata (Burwood) 23 0.988 9~ 976 4;810 1,,474 820 2cm ... 
Radiata (Rotorua) 28 1 Q320 ~ 1 ~ 01 a 5~900 11'550 860 2 ino (14) 
, 
Radiata (Australia) 32 1.650 11,600 6,,080 1~600 820 2 in. (15) 
Radiata (Chile) 31 1 .. 370 09 520 6vOOO 1 t 350 920 2 in" (16) 
Douglas fir (USA) 30 1 c 920 1,700 7p 420 1 ~ 140 910 2 in~ (12) 
Douglas fir (Rotorua) 34 1.950 49 150 79'890 1.120 1~ 040 2 in~ (17) 
Red cedar (Canada) 21 1 ,,12Q 7~700 59 020 860 610 2 in .. (12) 
Sitka spruce (USA) 25 10570 09 200 59 610 1,,150 710 2 ino (12) 
$ data from material used in this study 
FASTENING PROPERTIES 
In order to determine the properties of the various means of fastening 
the layers~ joints representative of those used in the prototype and model 
shell elements were. tested and theirloacl-slip curves £i tted to empirically-
derived mathematical ~pressions. 




Nap.ed timber joints have been studied for many years, mainly £01" the 
purpose o£ specifying design loads in codes of building practice& 
Initiall~. w:ith attention con£ined to the. ultimate st!'e,ngth of the joint9 a 
reasonably accurate theory was developed in 1951 by M81le!' (18) and extended 
in 1.957 by Meyer(19) to the point whe!'e the predicted str~gth was within 5% 
of the. e:&;perimen,tal stre:ngtho Some recogni t;:ion of the load=slip 
charac;:teristics of nailed joints is given by Ame!'ic.;m building codes \'lhe,re the 
rec01lUl1ended loads are based on the load required to produce an arbitrary slip 
. of 0.015 in" Howeyert the possibility that the Slip in a nailed joint may 
.' , , - , :-'-
be more important than its ultimate strength in terms of the deformation of a 
total structure has been investigated by Granholm (20) in his 1949 study of the 
n 0 
collapse of the forrnwork for the concrete arch o£ the Sando br~dge and more 
lately by the many researchers on trussed rafterso Detailed theoretical 
study in 1955 by Jansson (21) produced formulae, imrolving variables to 
describe the nail and the wood t which fitted experimental data well above 
slips of about 0.01 in.. They were(t however. cumbersome formulae and much 
simpler but similar expressions were derived empir'ically in 1966 by Mack (22) 0 
37>a 
These gave very good fit with experimental data even for a variety of 
species and sizes o£ jointo His method appears to be very useful for 
describing load-slip characteristics" Many factors affect the load- slip 
and ultimate strength behaviour o£ nailed joints including 
Moisture content 
Number of nails 
Type o£ nail 
Friction between members 
Duration of loading 
Grain orientationt etc.~ 
all of which have received more or less attentionQ As these factors do not 
enter into this study as variables work in these fields will not be reviewed 
(23) 
except to mention that Hellawell concluded that~ lIthe joints with 
grooved nails are initially much less sti.££g but ultimately about 60% 
stronger than those with plain nails tI in his work on dry radiata pine joints 0 
The methods o£ testing used by"the various workers usually differ 
according to the objects o£ the study and the equipment available" The 
method most suitable for the objects of this study that proposed by 
verm~den(24) and used by Lee(2)o It is described in section 4.2.20 
The nail-glued inter-layer connection in timber shell roofs may be 
typified by joints such as occur in nail-glued timber trusses although in a 
shell the nails are required to hold the boards a curved shape as well as 
to provide gluing pressure. Research on nail-glued timber truss joints has 
been undertaken in most parts of the world and the findings of Moe(26) that 
glue line shear from 100 to 500 may be expected in the joints of 
trusses fabricated from Norway spruce at 20% m.,co using casein glue and 
10-12 nails/sq ft of glued area, are typical for structural softwoods. 
Although timber shell gluelines are likely to be weaker than timber trUSs 
gluelines» Booth (4) states that: "the function of the adhesive is mainly to 
increase the stiffness of the membrane rather than transfer high shear 
stress es .. II 
It follows then, that although the assembly conditions preclude high 
strength of the glue line, the strength obtained should be adequate even 
when lower nailing densities than those recommended by Moe are usedo 
The deformations occurring in the glueline of nail-glued joints are 
considered to be zero below failure with the observed joint deformation 
arising from strains in the jointed members themselves. Therefore in 
describing the properties of nail-glued jointse it appears that ultimate 
strength is the only pertinent property. 
4.2 .. PROTOTYPE JOINTS 
-.-.. 
4" 2,. 1 Preparation 
The 96. twelve-inch-Iong offuct pieces of T & G mentioned ill section 
3 .. 1.1 were fabricated into nailed joints using two-1i in. by 14 s.w"g. plain 
nails and two 2:t in. by 11 sow .. g" annularly grooved shank nails as shown in 
figure 4" 1. 
At each grading modulus value two nailed joints were fabricated~ one 
to be tested with the load / /~ 1 and II to the grain of the three memberSt 
the other with the load .J.., I I and These were fabricated a jig in the 
constant temperature room using a 1 q oz hammer. 
Glued joints were Obtained by cutting up the nail-glued 5 ft square 
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+ 1 In.x 14 swg. plain wire nail 
o 2 inx 11swg. annularly grooved nail 
FIG. 4.1. Prototype nailed jOints. 
FIG.4.2. Cutting pattern for nail-glued prototype joints from 
nail-glued torsion elements. 
While the previous testing may have influenced the properties of these 
joints, it was considered that such joints would be more representative of 
the inter-layer fastening than would joints constructed of small lengths of 
boardsg as a greater gluing pressure would probably be obtained in the 
latter~ Cutting along the board edges, the joints were obtained and 
numbered as shown in figure 4.2. 
The joints numbered 1 and 7 served to indicate the effects of higher 
gluing pressure as during fabrication these elements were clamped to the jig 
with G-clamps at the corner. After cuttingp the joints were returned to 
the constant temperature room for one week before testing. 
Both the nailed and the nail-glued joints were set up on the spherical 
seated platen of a 25,000 lb Avery universal testing machine as shown in 
figure 4.3. A dial gauge was used to measure the relative movement of the 
machine platens. The loading procedure proposed by Vermeyden (24) was 
followed" 
This consisted of loading the joints at a rate of 0.2 X P per minute 
where P is the average expected failure loado In the case of the nail-
glued joints~ test joint numbers 13-16 were used to determine P, while for 
the nailed joints separate joints were made and tested. The load-time 
schedule shown in figure 4.5 was followed with the dial gauge being read at 
each load interval of 0.1 X P. 
All the glued joints were tested with the load 1, I;' and 1 to the grain 
of the three members since testing I/v 1 and 1/ caused crushing of the centre 
member. 
, . 
FIG. 4 .3 . Prototype nail-glued joint under load . 
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4e2 .. 3 Results 
The load-deformation data for the prototype nailed joints is given in 
table A.1 in the appendix while data for the nail-glued joints is given in 
The mean load deformation curves for the two series of nailed joint 
tests are shown in figures 447 and 4.8 together with the extreme ranges for 
the individual curves and the curve for the nail-glued joints. Since the 
relative movement between the machine platens was observed and not the 
relative move.rnent between the joint members directlYt an error usually occurs 
in reading the dial gauge for zero load conditions as discussed by Verm~den. 
This error means that initially the load-deformation curve may appear as in 
figure 4.6a or 4.6b instead of as in figure 4.6c which is the shape 
indicated by a device measuring the relative member movement directly 
according to work by Hellawell(23) who compared these two methods as shown 
in figure 4 .. 9" 
Considering this observation by Hellawell and the initial disturbance 
in the nail-glued joint curve in figure 4.9 it appears that this error 
could be entirely the result of crushing of the joint members against the 
machine platens. Whatever the source of this errorg correction was made by 
extrapolating each curve as indicated by the dotted line in figures 4.7a and 
b to obtain an initial slip cOrrection value which also tabulated in table 
A.1" The mean grading modulus of these joints was 1 .. 113 X 106 psi at 
4 .. 3 MODEL 30INTS 
Sufficient pieces of the modelboardsg 2 inQg 3 in. v and 4 in. long 


















• NoH-glued joints 
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JOINT DEFORMATION MEASURED AT MACHINE PLATENS (ins) 
Load-deformation curves for nail-gLued joints and Series I nailed joints. 






























FORMATION MEASURED AT MACHINE PLATENS 
G.4.S. Load -deformation curves for Series II nailed joints. Load acting 






















- - - Dial plat ens 
of testing machine 
---- "Mlcroformer" ensometer 
-04 
SLIP (ins) 
between joint members 
-06 -08 
FIG.4.S. Comparative load-slip curves of two member joints 
o 
with four 2 in x 12 swg. plain nai in dry Radiata 





Series I load l.,lI,l to grain Series II lood 11,1,11 to grain 
FIG.4.1Q Model nailed joints of dry Radiata pine and two ia in. 
stationery pins. 
470 
i in. stationerOs pins were used for model nail~~ The range of grading 
modulus was from 0.35 to 1.96 X 106 with a mean of 1.042 X 106 psio 
All joints were made and tested in the constant temperature roomo 
"Araldite" epoxy was used to attach the aluminium loading bracketso 
4.3&2 ~:ting 
The joints were placed across two parallel 1 X ~ 
spaced i in. apart as shown in figure 4.4. 
steel beams 
Load was applied through a lever system and a link to the aluminium 
bracket. The incremental load-time schedule as shown 
used with increments of 6.5 Ib obtained by placing 1 lb weights on the load 
pan of the 6.5:1 lever system .. 
A vibrator attached to the fram.e of the loading rig was effective in 
overcoming frictional effects in the dial gauge and er system. The dial 
gauge was read at 30 sec" intervals before each load change with the 
reading taken at a load of 0.1 P.. After testingp the aluminium bracket 
and that portion of tbe joint containing epo:xy adhesive was broken off and a 
moisture content determination made of the remainder. The mean moisture 
content was 10.6% and the meaD. grading moduJ:us value was 1.042 :x 106 for 
these joints. 
4.3.3 Results 
The load deformation data for the model nailed joints which are given 
in table A.3 in the appendix were corrected in the same manner as the 
prototype joints in that extrapolation back to the zerO load level was made 
to obtain an initial correction value. This value was always'negative 
as the reading of the dial gauge was taken at a load of 6.5 lb. 
Figures 4.12 and 4.13 show the mean and range of load=de£ormation behaviour 
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JOINT DEFORMATION (ins) 
FIG. Maximum. mean and minimum load -deformation curves for Series I model nailed 

















JOINT DEFORMATION (ins) 
mean mum load-deformation curves for Series II nailed 
. Load acting 11.1 and 1/ to grain of the members respectively. 
51 .. 
4~4 ANALYSIS . QE.. RESULTS _.2E. PROTOTYPE ~ MODl!!!.l£INTS 
For each joint the slip was calculated by subtracting algebraically 
the initial slip value from the values of deformation tabulated in tables 
A.1 and A.3~ 
To analyse the load-slip data it necessary to consider the load 
cycle and the initial loading portions of the curves separately. This 
appears to be legitimate as th~ curves before_and after th~ load cycle 
appear to be smoothly continuous. Alsov Vermeyden (24) states~ "a large 
number of tests have sho'ltin that the load-slip diagram is almost unaffected 
by the r'e:moval of load when the latter stays below 50-60% of the ultimate 
lOad." 
An "elastic stiffness" value waS calculated from the load cycle 
portion by equation L4.i7= . 
(P1 - 2P2 + P3) 
e = (b1 - 2~ + b3) 
where e := elastic stiffness v and the subscripts 9 2 and 3 refer to 
the beginningg minimum and end respectively of the load cycle as 
shown in figure 4~ 11 g and P and So are the load and slip at those 
points. This value of e should give an indication of the behaviour of 
the fastening under live loadso 
To describe the behaviour on initial loadingp expression L4&3(9 as 
derived by Mack ) was fitted: 
where e is the natural logarithm base and A" B~ C and D are 
constants fitted by an iterative process to obtain a least squares best 
52. 
fit. In this CQrve fitting~ the quantity being minimised was: 
where P is the value f:r'om for each value of Do. 
~ 
This stun of squares was thus weighted to ensure a g'oOd fit £01' low values 
of P and S. was considered necessary in view of the 
relationship between the in a nailed joint and the shear in a 
nailed element is derived section 
indicates that when a prototype nailed elero~ent 
strain Qf about 6000 microstrainv the nailed joints 





lure at a shear 
that element have 
to oflly 1 0% of their 
The values obtained for Ag Bg C and D are tabulated in table A~4 
and are shown plotted the of modulus in 
14 to 4~16, togeth~ with the and 90% 
confidence 
The for the linear between grading modulus 


































Regression of "elastic 
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(}5 1·0 1·5 
GRADING MODULUS (x 10' psi) 
2'0 
o 
F!G.4.15. Plot of coefficients ABC and D from the expression 
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GRADING MODU LUS (x 106 psi) 
FIG.4.16. Plot of coefficients ABC and D from the expression 
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0·5 1-0 1·5 
GRADING MODULUS (x 10' psi) 
P = (Ab+B)(1_eCb )D fitted to the load-slip curves of the 
TABLE 4.1 Statistical for the regres!:>ions bet'W'een grading modulus 
and the model and prototype nailed coefficients 
JOINT COEFFICIENT 
STATISTIC e A B C D 
lb/in. lb/ln. lb ino =1 
PROTOTYFE 
-
regression ) MX106 2374 319. 224.4 994 -.0306 
. ) I coefficient) C 6'1584 121 2 684.6 =37.417 .. 8819 . 
correlation coeff. r ~048 .314$ .143 -.062 
std de". about regr. line 15530 304.4 139.0 8.728 .1548 
value at E = 1 .113X1 06psi 570 934.4 -32097 .8478 
MODEL 
- ) MX106psi 741.6 24.78 5.809 regression 22.46 .0413 
) 
coefficient) C 11 214.24 .546 -204$19 .6859 
correlation coeff. .040 .124 .258 .092 .095 
value at E := 1. '113X1 06psi 13686 241.8 44.011 79.2 .7319 
scale factor 5 5 25 .2 
scaled value 63428 1209 1100.3 -35.84 9 
• signific~~t correlation at 5% level 
II tt 1 % u 
The correlation were lo~;'~ except for A and B for prototype 
joints~ where correlations were frnxad. 
On examining the influence of the coefficients on the shape of the 
curve defined by g. y, it is found that the term (Ab + B) a 
straight line fitted to the data above a of about 0.1 inch in the 
.. 
prototype joints or about Oe02 inch the model joints. Coefficient C 
found to define the point of maximum curv;;:l,ture of the: load - slip cl.:u;'Ve~ 
otherwise called yield of the joint~ while D has a general 
smoothing effect. It may be expected then that D will have 
little or no with E. Meyer(19) shows that the yield point of a 
nailed joint dependent on the properties of the the geometry of the 
joint and the crushing of the woode Since, as found in section 
to grading modulus p 
coefficient C should be dependent upon E. Above the yield point the 
behavio'1:l.t' depend upon the yield of the nail~ the geometry of 
the joint~ the crushing strength of the wood and the withdrawal 
of the through the wood. The two factors should be constant in 
this study~ so A and B be dependent upon the latter two and 
therefore also upon E. 
The mean value of grading modulus for the prototype was 
If value is substituted 
equations and the for the xnodel C and D are 
multiplied by scale of then 
comparable values are obtained as tabulated in table 4.1. These values 
show that very good was obtained between the e values g the 
difference being 0 0 05 ti:m,es the std" OUo The values 
for A~ Bg C and D not compare as however, with differences ranging 
from 162 to O. the prototype standard deviations" The 
c'1:l.t'ves given by these when they are equation 
8. il are shown in with the mean 
72 1800 
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FiG.4 parison model prototype ed curves with mean data. 
59 .. 
These curves do not represent the best fit obtainable to the mean 
experimental data shown, but simply those given by the mean values of At B, 
C and D. The maximum differences between experimental and fitted load 
values are 13.8% occurring at .OOw in. s lip for the model data and 12.4% 
at .0056 in. slip for the prototype data. Fitting curves directly to the 
mean experimental data gave the values for A, Bt C and D and the maximum 
differences tabulated in table 4.2. 
TABLE 4.2 Coefficients obtained by fitting expression L4.E7 to mean 
experimental data for model and prototype nailed joints 
-
MODULUS VALUE OF COEFFICIENT MAX. DIFF. AT BETW. EXP. SLIP E A B C D & TREOR. 
LOADS OF 
X 106 psi Ib/in. Ib in. -1 % in. 
-
Prototype 1.113 1551.1 939.1 -29.88 .8219 9.4 .0056 
Model 1.042 240.4 43,,42 -149.08 .7205 6.1 .0007 
It appears from the foregoing discussion that the form of the equation 
L4.E7 needs to be altered to obtain a better fit with the experimental data. 
This would probably involve introducing morecoe£ficients and increase the 
difficulty of characterising the load - slip behaviour. 
Mack(22) limited his curve-fitting to slips up to 0.1 inch in prototype 
joints whereas data up to 0.5 inch slip were fitted in this present study. 
If the curve fitting was limited to a low value of slip then it is possible 
that a closer fit would have been obtained but only up to the chosen limit. 
i'Then the mean data points plotted in figure 4.17 are consideredg it 
appears that up to prototype slip values of 0" 1 inch the model joints were 
from 15 to 25% stiffer than required £01" strict modelling at a linear scale of 
1/5 while at a prototype slip of 0.5 inch the agreement very close .. 
.... CH~A;.;,.Pr_ER_ !:fY!, 
PROTOTYPE SHELL ELEMENTS 
Elements representative o£ a shell membrane with the three-layer, 
orthotropic construction described in section 1.3 were made and tested. 
Their stress-de£ormation behaviour in compression, shear9 bending and torsion 
were observed. The effects o£ three nailing patterns g nail-gluing and a 
range o£ grading modulus from 0.5 to 1.9 X 106 psi were covered in this 
5. 1 LITERATURE SURVEY 
The only work which appears to have been done on timber shell elements 
is contained in those works discussed previously. (Ref. section 1.2) 
The work by Lee(2) included the testing o£ elements in shearg bending 
and torsion to determine the relative effects of fastening with plain wire 
nails, grooved shank nails, or grooved shank nails with casein glue.. His 
shear test was based on the A.S.T.M. test for plYWOOd(27), requiring elements 
as shown in figure 5.1. Hardwood blocks glued to the arms of the cruciform-
shaped element carried axles and roller bearings so arranged that wedge-shaped 
loading heads applied loads parallel to the sides of the element. The 
elements were constructed o£ three layers of redwood T & G boards p i X 2! ino 
with the layers mutually at right angleso Three elements, fastened with 
plain nails. grooved nails and nail-gluing were tested and failed .at shear 
stresses of 313, 333 and 364 psi respectively. Shear moduli of 0.315, 
0.185 and 1.15 X 104 psi respectively ~ere calculated from the differences 
between the observed principal strains at a stress of 117 psi. This test 
method has been ·f,",,''''d(28). . 11' . V",",L to gJ.ve a substantJ.a y UllJ.form straJ.n 
FIG.S.t Shear element and nailing 
61 • 
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FIG.5.2. Element and Loading arrangement for bending tests 
conducted by Lee. 
distribution in solid wood elements as indicated by a brittle lacquer 
technique and so should be satisfactory for nail-glued elements. However, 
as the parallel to grain elastic modulus for redwood is about 1.2 X 106 psi, 
the shear modulus will be about 1/12 of this, viz. about 10 X 104 psi, which 
does not compare with the value of 1.15 X 104 psi, which Lee obtained. 
Furthermore, the shear stresses at failure for the three elements were very 
similar which means that the glued-on hardwood blocks must have reinforced 
the nailed elements since these. should have a much low.er strength than the 
nail-glued element. While this test method is satisfactory for solid wood 
and plywood elements, it appears unsuitable for shell elements. 
The bending tests were conducted on elements measuring 40 in. by at in. 
by 11 in. of three layers of ~ X in. T & G redwood boards arranged with 
one outer lqyer parallel to the length of the element and the other two at 
+600 to this as in figure 502. Three elements, one for each type of 
fastening. were tested firstly with the boards parallel to the span in 
tension, and secondly in compression. An "effectivett modulus of 
elasticity (B) was calculated from the observed radius of curvature (R) of 
the elements between the loading heads by the expression: 
M E = yR where I is the moment of inertia assuming a homogeneous 
cross section. The values' obtained are tabulated in table 501 and compared 
with a theoretical value to be expected from plywood of this co~struction 
according to the expression: 
E = O. 345E a + O. 653E 60 where Eo and E 60 are the elastic moduli 
at 00 and 600 the' grain respectively. 
TABLE 5.1 Results o£ bending tests by Lee(2) 
STRESS IN LAYER EFFECTIVE MOOULUS FASTENING OF LAYERS OF BoARD PARALLEL IN BENDING (PSI) IN ElEMENT 
; TO SPAN OBSERVED . ,I THEORETICAL 
-
tension 0.087 X 106 D. 528 x' 1 0 b . 
(a) 1t'~149 plain wire nails 
compression 0.067 " " II 
tension 0.100 tI tI tI 
(b) 1tt~149 grooved nails 
compression 0.086 il j) ,) 
tension 0.258 It 
" 
It 
(c) as (b) plus casein glue 
compression 0.218 ,) it II 
-
Again the observed modulus o£ the nail-glued element less than 
expected. is possibly due to the discontinuous nature o£ each layer 
o£ boards. 
The torsion tests by Lee(2) were based on a method used by March ~ 
al. (29) which consisted o£ loading a square ~~ement as shown in £igure 5.3. 
Only isotropic or orthotropic materials may be tested thus as the elastic 
axes must be parallel to the plate edgeso Elements measuring 66 X 66 X 2ir 
in. were constructed in the same manner as the shear elements £rom i in. by 
5! in. T & G redwood boards. Two elements. employing 2 in. by 12 s.w.g. 
plain nails and 2 in. by 12 s.w.g. grooved nails with glue were tested. 
These gave shear modulus values o£ 4.23 and 5 .. 60 X 104 psi which compares 
more closely with the expected value o£ about 10 X 104 psi. 
Booth(4) tested two elementsin~infh--one_n~iled and the other 
nail-gluedp to estimate the e££ect o£ including glue in the membrane o£ the 






ucted by lee. 
elastic 
connection 
on nail-glued element conducted by Pestman. 
nailed conoid shell he had tested previously. These elements measured 
7 'X 4'X 11 in. and contained three lay.ers of i X 2~ in. T & .G redwood 
, 0 
boards arranged with tne middle and top layers at !30 respectively to 
the bottom layer. The nail-glued element was found to be four times 
stiffer than the other under uniformly distributed load and simply 
supported at their ends. A 1:7.5 scale model glued element in balsa 
was tested by Barron(6) under similar conditions. 
pestman(3) reports only briefly on the testing of two nail-glued 
elements, one in shear and one in bending to determine design data for 
h.P. timber shells. These elements measured 31i in. square by 1i in. 
and were constructed of three layers of 2! in. wide boards arranged with 
two layers parallel to two adjacent sides of the element with the third layer 
parallel to a diagonal. A maximum shear-stress of 1140 psi was obtained 
with the apparatus shown in figure 5.4. This value is of the same order as 
that usually obtained for plywood elements indicating that the apparatus 
probably did apply a SUbstantially uniform shear stress. 
5.2 THEORY 
5.2.1 Definition of Terms 
-~ 
The internal forces and moments acting on the positive faces of an 
infinitesimal element of a shell membrane are defined with the positive 
directions as shown in figure 505 where: 
T1 and T2 are the direct forces per unit length acting on surfaces 
normal to the axes X and Y respectively; 
S is the shear fopce per unit length assumed to act equally on the 
surfaces normal to the axes X and Y and perpendicular to the direction of 
axis Zj 
66 .. 
(a) membrane actions ns 
FIG.5.5. Definition positive membrane and flexural 
shell actions. on an infinitesimally small element. 
(a) three-ply plywood ( veneer 
F IG.5.6. Definition of coordinate direc tions in an el ement of 
three-ply plywood and in one of its constituent veneers. 
N1 and N2 are the shear forces per unit lengt~ acting on the 
surfaces normal to the axes X and Y respectively and in the direction of 
axis Z; 
M1 and M2 are bending moments per unit length acting on the surfaces 
normal to axes X and Y respectively. 
H is the torsional moment per unit length assumed to act equally on 
the surf aces normal to axes X and Yo 
The orthogonal set of axes X, Y and Z may be (curvilinear and the 
surface defined by z := 0 is assumed to lie at the mid-surface of the 
element. 
The mid-surface strain-displacement relations of the element shown 
in figure 5.5 are defined by the expressions /5.jJ. 
Ex 
'Ou a dV ~ _ au ~v =~
=: oy i y -~+Tx' bx y 
0 • • • e • . • • [5·11 
k tlw k 32w k 7iw =- =- :: 
'()x'f y x Ox2 Y Oy 2 xy 
where: £ and E. are direct strains in direction X and Y respectively; 
x y 
~ is the shear strain in the surface z :: 0; . 
xy 
k and k are curvatures in direction X and Y respectively; 
x y 
~ is twist in the surface z ; 0; 
u? v and w are the displacements at the mid-surface of the 
infinitesimal element in the directions of axes X, Y and Z respectively. 
5.2.2 Plywood Theory 
It has been shown by AmbartsUll'\Yan (26) for a laminar .shell of 
symmetrical construction that the strains m~ be related to the membrane 
actionsTl' T2 and S by the expression !J.y 
681' 
E.x A A12 A13 T1 11 
T2 
1 3·Y Ey = A21 A22 A23 t • " " It 0' • ., • • • • 
Oxy A31 A3r A33 S 
and the curvatures and twist to the flexural actions M1 M2 and H by the 
expression 5.i! 
k B11 B12 B13 M1 x 
k B21 B22 B23 M2 
12 3·jJ = • • • • " " " • • • • y 
t 3 
k B31 B32 B33 H xy 
where the terms A .. and B .. are coefficients relating the two sets of 
~J ~J 
actions and curvatures. 
Normal shear forces N1 and N2 may be ignored as the span to 
thickness ratio of shell membranes is normally large .. 
For a laminar shell of unsymmetrical construction however, the 
membrane and flexural actions and effects are not independent and a 
further eighteen coefficients are required to fully describe the 
relati onship. 
For an orthotropic shell membrane where the principal elastic axes 
coincide with the directions X and Y then expressions 3.Y and 3.jJ 
reduce to L}.17 and L5.~ respectively. 
E.x An A12 • T1 . 
Ey = A21 A22 T2 1 3·17 .. t • • • • " • • 0 " • " 
1fXYJ • 
" A33 S 
k B11 B12 M1 x 
-
k B21 B11 M2 12 
· 5·'27 ;::: . - • • • • • " • • • • .. y 
t 3 
k t! B33 H -xy-
In normal engineering terms, Llo1( and 50'27 are expressed as in 





























g.i? 12 :;J 
H 
where: E and E are Young's moduli in directions X and Y respectively; 
x y 
)U and)U are Poisson ratios where the second subscript defines the 
xy yx 
direction of the action and the first subscript defines the direction of 
the strain. 
G is the shear modulus for the plane z ;::: Ot 
xy 
Dx and Dy are flexure moduli in directions X and Y respectively; 
'p1xy and)U1yx are Poisson ratios for flexure where the second 
subscript defines the direction of the bending action and the first 
subscript defines the direction of the curvature; 
D is the torsion modulus for the plane z = o. 
xy 
Consider now an element of plywood as shown in figure 5e6(a) which 
is constructed of three veneers of equal thickness arranged 
orthotropically. . Let the Longitudinal (L), Tangential (T), and Radial (R) 
directions of the individual veneers be defined as in figU,i-e 5.6 (b) and 
their elastic properties by expression ~.~: 
1 /'LT 
EL - - $ 
~T .. 1 
-
. 
where: €.L~ Cr and 1\T are the direct and shear strains; 
"i, 0;. and 7£.T are the direct shear stresses; 
~.g 
EL, ETt ~Lt GLT are the normal engineering constants associated 
with axes L, T and Re 
Tottenham(5) gives the following relationships between the 
coefficients of expressions 1).51, 1).71 and ~. §l: 
71 .. 
(26 + A) 
27 • eo. <> • .. $ • .. .. 3· ffl' 
(1 + 261\) 
27 
27 1 27 
= 26 +..,... ;)ALT; )l yx = -:""1-+~26~"~· JLT 
ExpressionS L?~ffl' are derived on the assumptions that: 
(a) The veneers are homogeneous, linearly elastic and are not 
stressed beyond their elastic limit; 
(b) The glue lines are vanishingly thin; 
(c) No slip occurs at the gluelines; 
(d) Straight lines normal to the plane o£ the plywood remain 
normal and straight a£ter the plywood is stressed. 
5.2.3 Nail=Glue~ Elements 
The nail-glued elements studied in this work compare closely with 
threeply plywood except for two £eaturesc Firstly, the layers o£ the 
elements are discontinuous since they are composed of discrete boards 
while in plywood the veneers are continuous except for lathe checks .. 
Secondly~ the Radial and Tangential directions occur in rotary cut 
veneer as shown in fi gure 5.6 (b) while in the boards of an element they 
will be randomly oriented. If these differences are not significant 
then the theory given in the previous section will apply to nail-glued 
elements where the grain directions of the veneers are the board 
directions in the elementso 
To estimate values EL~ ET9 uLTu 1l.rL and GLTP a mean value of MOE 
in static bending of 00988 X 106 psi is obtained from on 3$2.3 for 
the radiata pine used in this study. From data by Stewart and Kloot(15) 
for radiata pine t the modulus of elasticity in compression parallel to 
the grain (E) will be about 1.115 times the MOE in static bending. 
Hence a value of 1.10 X 106 psi for EL may be expected £or the radiata 
used in this studyo From the same data an expected value GLT o£ 
9.1 X 104 psi is similarly obtained. Hearmon (30) presents elastic 
constants for structural softwoods from which a mean value o£ the 
found. Assuming that this mean value 
applies to radiata9 a value of ET of 6~34 X 104 psi may be expected. 
From Hearmonos data values of ~T and 'U.rL o£ 0.024 and 0.446 respectively 
are also 'obtained. 
Substituting the above values into equations LJ.27 yields values 
.910 -.378 
15.8 
11 • 1 
1 rxy 
E E 1.314 =.0919 
x y 
7ly~ 1 
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These values are those expected £01' nail-glued elements at a mean 
grading modulus of 1.077 X 106 psi at 1007% moisture content. 
5.2.4 Nailed Elements 
In the nailed elements, slip must occur between the layers if the 
nails are to transfer load. For an element under action T1 or T2~ 
(i.e. load parallel or perpendicular to the direction of the outer I'ayers 
of boards)u if it assumed that the relative movement between the 
layers due to the Poisson ratio effect is too small £01' the to 
transfer significant load~ then each layer may be considered to act 
unrestrained by the otherso On this assnmption Hearmon shows that 
terms A'11 and A22 in g.i! are given by~ 
3 
"" 1. -6 0 2/ A11 := X 1 0 ~n. Ib, 2 + 
A22 
3 2. X 10-6 in. 2/lb • "" 1 + 2 
As the layers are assl,uued to act independently for a given imposed 
strain € t the resultant Poisson ratio strains € 
x . y 
be different for 
the outer and middle layersG the strains in these elements are 
to be measured on the surface~ 2 and A21 will to the outer 
layers 1 i.e. those whose boards lie in direction X. 
are given by~ 
A12 = 
A21 "" 
No work appears to have been done on nailed shell 
elements in shear. The following derivation of a relationship 
between action S and strain T 
xy therefore proposed: 
Consider a square element of a, as shown 
an exaggerated deformed shape. The elements tested by the 
author were observed to assume this deformed shape with occurring 
between adjacent boards in each layer. Assume that the are 
fastened according to nailing pattern 3 as shown in figure 1.1 and 
consider action S as two equal and ~v"'~·~~"'~,~ actions S and S 
xy yx 
as shown in figure 5,,7. 
If the actions and Syx have caused the element to undergo 
75. 
v 
8 I 0 ,. I. I' 
" I .1 . , ., • I 
I' ,- ,. I' 
I " . , 
,- I' I I' I 
I 
- I ' I -I . , 
(b) Nailing pattern 
FIG.S.7. Nailed element deformoo under shear action. 
FIG.5.B. loads P acting at the corners of a square element 
to produce torsional action H 
shear strain ({ then the relative rotation between the boards of the 
xy 
middle and outer layers will be equal to (( a 
xy Let d~ be the distance 
between the pair of nails at each board crossing as shown in figure 
The relative (b ) between the at each nail will 
therefore be given 
Let the load transferred between the middle and the outer layers 
by each nail be given by p( S) where P is a function of b • 
the moment (M) on each nail pair will be given by 1170 
M ;;:; p( S ) • d 
Therefore 
!}.117 
If the number of nails per unit area is fl, then the number of nail 
pairs over the whole element will be Therefore the total moment 
transferred between 
2 
the middle and outer layers will be~ 
M ~ 
e 2 
Assume that S acts only on the middle layer while S acts only 
xy yx 
on the outer layers. Thus the moment transferred from the middle to 
the outer layers is given by Oe '1 jJ. 




From table 4.1 p the value of P(b ) for prototype joints at 
E 1 .. CJ77 x: 106 psi found to be~ P (1536& + 911)(1 _ e-33e4b)0.8511 lb 
for initial loading and P e ~ "'" 63975~ lb for load cycling. 
For prototype nailed elements nailing pattern 3, 
d = ft =: 0.161 nails/sq in. 
Substituting these values into equation 3 .. we obtaing 
S =: 1.35 X 0.161 ('1536 X 0.675([ + 911)(1-e 2X:Y 
.4 X o. 6750xy )0.8511 lb/in. 
• • •• /5.1rjJ 
for initial loading and 
for loading cycling. 
Since 1i7 is a curvilinear relationship, A33 may be determined 





The values of A33 for elements with nailing patterns 1 and 2 will be 
4 and 2 these values respectively they contain respectively 
i and ~ the nailing density. 
Thus for nailed prototype elements with nailing pattern 2 the 










3. g become~ 
.33 -.0636 
" 
-G. 2; X 0 :Ln. lb ••• 
1065 
/J.g 
Considering now the behaviour of elements, it is 
again assumed that the relative movements between the layers due to 
Poisson e£fects are too small for the nails to transfer 
significant load. Hence SUbstituting~LT =~L =: 0 in expression 
78. 
o 
No theoretical work appears to have been done on nailed elements 
under actionH. The following derivation of a value for B33 
therefore proposed: 
Consider a square nailed element of side al as shown in 
figure 5.8. Action H is produced by loads P acting nOlmal to the plane 
at each corner. In a homogeneous material action H produces shear 
stress the plane XY 0 However, a laminar, boarded element this 
state of stress cannot as the shear stresses cannot be transmitted 
directly from board to board in each layer by friction which is 
an uncertain quantity. Therefore some other state of stress must exist 
and here is assumed that each board is stressed in torsion as a 
separate unit. 
Let the dimensions of the element be a X a X t and the width of an 
individual board be b. 
The action H 
1 H=-., 
a 
related to the loads P by the expression; 
The torsional moment on the whole element is equal to Pa lb-in. 
Therefore if each layer carries the same moment, the moment on each layer 
will be ~a lb-in. As the number of boards in each layer is given by ~9 
the torsional moment (M) on each board will be given by: 
b Fa M := -. -:= lb-in. 
a 3 
Assuming that the twist in each boapd is equal to the twist k of 
xy 






the modulus of 
related to twist kby the 
x:y 
and J is the polar 
moment of of the cross section of each board& 
Therefore: 
k M Pb 
x:y = :m-- =:; 3J'G 
xy xy 
From expressions 5& 'il and De i1 we have: 
1 
B33 := D =: 
xy 
and substituting from De 1i1~ we have; 
Hearmon(30) shows that for a bar of orthotropic 
materiallf 
where~ this study: 
d =: board thickness = Oe in. and 
;9= Oe272 for a 
Substituting in De 
we have~ 
of d/b of 0.243 




2/1b for a nailed element torsion. 




















The loading systems used to elements to the shell actions 
defined in £i~xre 5.5 are shown schematically in figures 5.8 and 5~9o 
The details of each element are given in table B.1 in the appendix~ 
From the stacked prototype boards v lengths were selected for each 
o 
element p cut out and conditioned at 57 ~2% roh. and 68 +2 F for two to 
four weeks before assembly. For assembly o£ the flexure elements~ a 
5 X 8 ft flat table was constructed o£ 13/16 thick coreboard panels. 
These were nailed to 6 X 2 timber joists at 2 ft centres and clamped 
to a steel frame which was set on concrete blocks. A 9 in. wide piece 
of coreboard screwed to table at one end formed a stop against which 
the bottom layer 0.£ boards were cramped and then held by a similar stop 
clamped to the tableQ This assembly jig is shown in figure 5.10. The 
cramps were made from hydraulic rams fixed to a frame and acting on a 
distribution beam. These could be operated independently as in figure 
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FIG.5.9. Schematic diagram loading systems used to produce shell 
act s ,T1 ,5 • • Ml,. on prototype model elemen . 
D '.J ("L . 
FIG.5.10 Assembly jig and cramps for prototype ftexure 
elements. 
FIG.5.11. Single cramp used on the top and bottom layers 
of an M2, element . 
This force was sufficient to ensure that any bow in the boards was 
overcome although when the cramps we:r'e removed after a layer had been 
nailed to the one beneathg the nails were unable to prevent some 
separation of adjacent boards in extreme caseso A steel template 
shown in figure 5.12 was used to 
at right angles and also served as a 
the nailing pattern. 
the adjacent layers accurately 
for drawing pencil for 
For nail-glued elements the middle and top layers were alignedg 
cramped and braced with a length of slotted angle iron screwed to each 
alternate board as shown in figure 50120 Those nails whose positions 
were not obscured were then started and the layer lifted clear so that a 
measured· quantity of 
upper layer was then 
could be spread on the layer beneatho 
realigned and nailedQ 
The 
For the compression and shear elements a similar jig was used 
measuring 3 X 8 ft. Mechanical sash cramps were used instead of the 
hydraulic cramps1 a known force being obtained by 
on the screw Q 
a torque wrench 
In all other aspects the procedure followed was the same as for 
the flexure elements. 
The assembling was done in the laboratory and took one to two 
hours~ after which each element was returned to the cor~tant temperature 
room for a minimum of one week before trimmed to size. 
The compress and torsion elemerlts were trirr~led with the 
apparatus shown in figure 5~13 which consisted of the table used to 
construct those elements with a guide to carry a portable power saw 
straight and at right angles to the table. 
FIG.5.12 . Top layer of a nail-glued torsion element cramped and 
braced with a length of slotted angle and a steet 
template before lifting for glue placement . 
FI G.5.13. Compression element being trimmed square and 
to size . 
The elements were trimmed to lines scribed around the template used 
in their construction. The bending elements were not trinuned a,s the -k 
to 1 in. excess length did not interfere with the loading rig and also, 
as the nailing der~ity was the number of nails in an area of one board 
width times one board width~ the removal of a small amount of timber 
would not be as insignificant on these narrow elements as it was on the 
torsion elementso This trimming took about ~ hour per element after 
which they were returned to the constant temperature room and tested two 
to ten weeks later 0 
5.3.2 Testing 
5.302.1 Compression - ~ ActiOns.!, ~ 12 
The rig developed to apply ~ctions T1 or T2 to an element is shown 
in figure 5.14Q 
It consisted of two reaction beams 7 ft apart vertically, fixed 
between two columns 5 ft apart. Figure 5015 shows the hydraulic ram at 
the c~tre of the lower reaction beam acting at the centre of a short 
beam which in turn acted on the lower distribution beam at two points 
20 in. apart. This distribution beam carried rollers on its machined 
upper surface to accommodate lateral in-plane movement relative to the 
element. To a i X 3 in. plate above the rollers was fixed a brass 
strip with a 1-k in. radius groove along 'it. Half round steel pieces 
9 in. long and ~ith a 1~ in. radius fitted into the grooved brass strip 
and transferred load to the lower edge of the element through a 1/16 in. 
thick rubber packing. The distribution beam was constrained to move 
vertically by means of roller bearings and guides at each end. A 
similar arrangement of half round steel pieces and grooved brass strip but 
without the rollers transferred the load from the element to the upper 
FIG.5.14. Compression test rig with an element 
under ac tion T 
>- • 
\ 
FIG.S.15 . System of load application to lower edge of element. 
FIG.5.16 . Upper distribution beam and load cells in compression 
test rig. 
88" 
distribution beam which was also constrained to move vertically 0 A 
Budd strain indicator connected to two compression load cells placed 
10 in. either side of centre measured the load transferred to the 
upper reaction beam as shown in figure 5.16. 
A Rheile oil pressure machine connected to the hydraulic ram was 
I 
remotely controlled from within the constant temperature room to apply 
the loads measured at the load cells. 
Strains were measured on both sides of the elements with 8 in. 
and 2 in.. gauge length Demec mechanical s train gauges. Two s eri es of 
elements were tested: in ~eries I, 8 in. gauges were used in the 
pattern shown in figure 5.17all while in series II t additional 2 in. 
gauges were used as in the pattern shown in figure 5e17b9 The gauge 
positions were numbered as shown with the odd numbers on the nail head 
side and the successive eyen numbers inunediately opposite on the nail 
point side. The need for the second series of tests arose from the 
Observation in the shear tests that each board moved relative to the 
adjacent ones t i.e. the element behaved more as a mechanism than as a 
homogeneous unit. This behaviour affected the strains observed along the 
diagonals in that the strains at positions S11' S12' S13' and S14 were from 
1.5 to 2.0 times the strains at positions S9' S10' S15' and S16. In 
other words? with the shear deformation appearing primarily as slip 
between adjacent boardsg since gauges S11. to S14 spanned two bQ'ard 
interfaces~ th~ observed approxi~~tely twice the strain observed by 
gauges S9' S10' S15' and S16 which spanned only one board interface. 
The same effect occurred in gauges S1 to S8& Thus it was necessary to 
relate the displacement observed in a particular direction to a gauge 
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(a) 8 Demec gauge pattern (b) 21n. Demec gauge pattern 
FlG.5.17. Pattern of Demec gauge pOints and labelling on nail head side of elements 
tested under actions TI .Tl,andS. 
90" 
distance in that direction to obtain a strain which would relate to the 
element as a whole. 
Therefore for gauge lines in the diagonal directionv e.g. gauge 
line 81 to S7as shown in figure 5.18, the strains relative to gauge 
length A-B \.,rere calculated by: 
32 ~ (32 ~ 6b[2)e 
AB=--':;~---~--~ 
~6bf2 
where £.8 :;;: average strains at S1' 83, 85 and 87, 
E..2 :: average strains at S~,t and S;, 
and b:: board width:: 3.5 in. 
From equation 3.2£( it is seen that if the deformation occurs 
entirely as slip between adjacent bQ~~i.e. if g2 :: 0, then the shear 
strain according to the 8 in. gauges only would be underestimated by 7.2 
per cent. 
It was also possible that a similar effect could occur in the Y 
direction in which Case the strains relative to gauge length A-B were 
calculated by: 
AD= 
(24 ~8 - (24 - 6b) £2) 
6b 
and b = board width = 3.5 in. 
Another effect was noted and a correction made for ~t. 
3·217 
This was 
that the average strains on the two sides of an element under action T1 
or T2 were often unequal. This unequality was possibly due to 
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FI G.S.1B. Gauge positions and Vl~V9-V17 on 
prototype elements tested under actions T1 , Tl, and S. 
Type 1 
three Sin. gauges 
each side 
Type 3 
seven 2in. gauges 
each side 
. t 
Type 2 six Sin. 
gauges each side 
FIG.5.19. Gauge positions on elements tested in bending to 
determine a correction for bending effec ts in 
compression tests. 
unsymmetrical construction resulting from nailing from one side only and 
using two sizes of nails. For strains ex under action T1 and for strains 
cy under action T2, the average ratio of the difference between the 
strains on the two sides to their mean: was 0.62: 1. 
, ! Also under action T1 
two thirds of the elements showed greater compressive strains on the nail 
head side while under action T2 the same proportion showed greater 
compressive strains on the nail point side. 
To determine the required correction it was assumed that eccentric 
loading was being applied, thus inducing bending in the elements. A 
total of ten elements in the three types shown in figUre 5.19 were 
constructed and tested in bending. Elements of type 1 and 2 contained 
nailing patterns 1 and 3 and nail-gluing, while all four means of 
fastening were covered in type 3. The strains observed over the 8 in. 
gauge lengths on types 1 and 2 were essentially equal and opposite on 
the two sides. For type 31 however, as tensile stress could not be 
transmitted between the boards on the tensile face, the strains on this 
face showed only low tensile values which did not increase once the 
initial compressive stress due to cramping had been overcome. This 
produced the relationships between the strains on the two sides shown in 
figure 5.20. Thus~ if a 2 in. gauge length strain was tensile, 
correction Was made assuming the regression equations given in figure 
The uniformity of the load applied by the rig was tested by means 
of an element 36 X 36 X 2t iner constructed of three layers of ~ in. 
" 
thick medium density particle board glued together. This element was 
assumed to be homogeneous and isotropic. Eight inch gauge length strain 
Key: EI, = strain on nail head side 
f = strain on nail pOint si de 
1,1'1'1;'01 rf.4jfl"eS,Sion: (E~·Ep):'ff'll".£p +e.. 
.500 
pc~,.·,,~ Ii"~ G i'lI'is·llt,. £~ ~O""f"'·~ssi..,g 
(! M c:: 
It 'I' :J.7J 
-IO()I) 
. FIG. 20. Relationships between strains at 2in. gauge positions on nail head side and 
nail point sid. of elements tested in bending. 
gauges were used and these indicated the pattern of strains shown in 
figure 5.21 and tabulated in table B" 2 in the appendix. The strain 
p~ttern could possiblY.hqve been improved by sti£fer distribution beams 
but in view of the non-homogeneous and variable elements being tested 
the pattern was considered satisfactory. 
To determine the buckling loads of elements under this loading 
and, from this g safe 'Working loads for the remainder of the elements, 
four elements were made and loaded to failure as shown in figure 5.220 
Hal£round s,teelpieces. were used on the loaded edges as describeq 
previously. Although oil was spread on the cross strips to give pin-
ended condi tions(t,friction 
~---:--~---- . 
elements t of which detaJ.I 
bably intr.oduced some fixity" These 
given in table 502 were tested under 
TABLE 5 .. 2 Details of elements tested for buckling in edgewise compression 
; 
GRADING MODULUS BUCKLING 
ELEMENT FASTENING STRESSES OF REMARKS LABEL LAYERS MEAN' C. OF V. T1/t T!t 
(X106psi) (%) (psi) (psi) 
, 
54 Pattern 1 .904 15 820 539 
14 pattern 2 .963 12 611 Element fractured 
- under action T2 
24 Pattern 3 .913 13 1089 508 
'" 
34 pattern 2 Capaci ty of test 
and glue .985 13 1>2581 968 machine reached 
! 
under action T 1 
On the basis Qf these tests maximum values of T 1/t and T!t of 480 
and 240 psi respectively 'Were used in the compression tests on both 
prototype and model elements. 
{eJ Oir!>ction of loading end [QbtU!"$! of gcug$ 
(even numbt .... d positions on '$".'''''' 
FIG.S.21. 
( .. )PcttlOm of 51"';n,. in _ticn V 0\ ....." mmb ..... d positions 
(e) PtIttOl'!'n 01 st"';ns in dired;on )( Cit Ij'".n nu~ 
.,.".1;;""" 
on particle board element used to check compression rig 
of loading. 
FIG.5.22 Buckling tests on prototype elements under 







(a) Series I (b) Series II 
96 . 
Time 
FIG.5.23 Load- time schedules for prototype elements under 
actions T, and T1 . 
j7 . 
FIG.5.24. Rig to apply action 5 to prototype elements. 
Loading procedures similar to that £or the nailed joint tests were 
adopted £or these tests as shown in £igure 23. 
A longer period between increments was nece~sary in series II to 
allow tor the reading ox the additional 2 in~ gauges. 
The sequence of reading of the load cells and strain gauges was as 
follows for each increment: 
(i) The required load change was e£fected except £.or the 
beginning o£ a test when zero load readings were takeno 
(ii) . Five minutes after each load change, reading was commenced 
starting with the load cells. Re£erring to £igure 5.17, these 
were followed by the S in gauge zeros g gauge positions X1, 
x • --- to X : Y2" 2' . 24' v 
gauge zeros again. 
~-- to Y ; 24 
(iii) For series I the load cells were re-read and the readings in 
step (ii) reti3.ken in r.everse sequence. For series II the 
~ 
2 in. gauge zeros g gauge positions Y1t Y?,'J --- Y~; Y9 n1 Yls 
Y24; 8" 52' 5fv --- S'09 5ls and 8j61/ the 2 ino gauge zeros 
and the load cells were-read and then reread in reverse sequence 
£ollowed by those o£ step (ii) in reverse sequence. 
By re-readingp a <;heck for misreading was made, also som.e correction 
£or creep during the period between readings was obtained by averaging the 
two readings ~ It was found~ howeverp that in the compression tests the 
creep was less thqn could be detected by the 8 in. Demec gauges. 
5.3.2.2 Shear - Action S 
The rig constructed to apply action S is shown in f~gure 5.24. The 
same basic frame as for the compression tests carried a swaller capacity 




hydraulic ram centrally on the lower reaction beam. This ram carried a 
Vee-block which could tilt slightly on a knife edge lying in a horizontal 
axis perpendicular to the plane of the element~ This allowed even 
distribution of load between the two sides Qf the element. A similar 
Vee-block at the top transmitted the load to a load cell through a steel 
ball and was prevented from rotating about an axis normal to the plane 
of the element by a channel section beam hinged to the top reaction 
beamo The Vee-blocks acted on bea~ings carried on 2 in~ diameter axles 
to apply loads axially to the straps bolted to the four edges of the 
element. The bolts transmitted the load to the element through rubber 
bushes shown in figure 5.25 .. The bushes were a neat f1 t on the ~ in. 
diam" bolts and undersize in the 15/16 in. diam. holes drilled in the 
element but were long enough So that as the bolts were tightened the 
bushes expanded to fit tightly and hold the straps 1/16 to 1/32 in. 
cle.ar of the element" The holes for the bushes and axles were located 
along the sides of a 32 ino square at positions determined by means of 
the template used during construction of the elements~ 
This rig was designed to apply uniformly distributed loads along 
the edges of a s<ruare element without restraining the deformation which 
occur .in nailed elements~ In this latter respect it is considered that 
the rig used by Lee described in section 5.1 with its glued=on hardwood 
blocks seriously influences the behaviour of the nailed element by 
preventing relative slip between adjacent boards in the outer layers. 
Strains were measured on both sides of the elem.ents using 8 in. and 
2 in" Demec gauges and the same gauge patterns and. reading sequence as in 
the compression tests$ except that there was only one load cell to read 
instead of two. 
101 $ 
The particle board element used to test the uniformity of load 
appl,ied by the compression rig was also used to test the shear rig. The 
pattern 'of strains observed is shown in figure 5 .. 26v and tabu.lated in 
table B.,2. Al,thou.gh stl'ains in directions X and Y occurred at the corners, 
it was considered that these corner disturbances were comparatively small 
and since a boarded element is far from homogeneous lr no alteration was made 
to the rig. 
Six trial nailed elements were made and tested in shear to determine 
a suitable loading schedulee .These gave stress-strain cu.rvesof similar 
shape to the mean load-slip curve for prototype nailed joints as shown in 
From these curves it appeared that the point on the load-
slip curve at WhiCh the load cycle commenced corresponded to points on the 
stress-strain ~es between about 700 and 1000 microstrainc 
" 
A further 
two elements were made and tested with load increments applied at 20 min. 
and 30 min .. intervals respectivel,y. .strains wer.e obseJ;'Ved o~ly at gauge 
.positipnsS1 to 816 .to give the strain-time C'IlTVes shown in figure 5.28 
from which it was seen that creep of more than 5% in 20 min. occurred 
above 1500 micros train. On the basis of this work it was decided that 
the load cycle should commence at a strain of abOu.t 1000 microstrain" 
The load-time. schedules adopted£or the two series are shown in 
l 
fig. 5.29; where the load P was calculated to produce 1000 microstrain. 
For the glued elements the load-time schedules were the same as 
those .fo1' the compression te.sts ShOWll in figure 5.23 with the maximum 
load calculated to produce 1000 micros train sheCU' strain~ 
503c2.3 B~ing - ~ctions'~1 ~ ~ 
The rig shown in figure 5,,3Q applied symmetrical foU!'",:,pqint loading 









Ca} [liNd;"" of loading and labelling of 9au9" positions 
C ........ num~red positions on r,.""es" sid .. ) 
(b) Patt"rn of s!n::ins (tensile) at 9aug" positions 51 to 516 
m""n = 121-3 J's 
(c) AlIt"," of strains (cOmpressive) at gaug" positions S17 to 532 
mlOOn = -120-8 ps 
(Ii) ~em of strail'l$ in di"e<:lion X on near !lid" 
m ...... =-O-Iflp 
FI 5. 
(II) Palt .. rn of stnlins in dime!ion X On ......... s .. (f) AlItern of slrains in dirl>ction V on (g) Patt..." of strains in aJ2Clion V On 
sid. mlOOn = 1-7 )'S near sid.. mO<ln=-O-lp mean: 2-7},S 
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at 30 min. 
intervals 
FlG.5.28. Time-strain curves for two nailed prototype elements with nailing pattern no. 3 








(a) Series I 
1 ' • 
LOAD 
p 
4-0 I~D TIME: 
(b) Series II 
FIG.5. 29. Load-time schedules for nailed elements in shear. 
FIG.5.30. Apparatus to apply action M, or M2 to prototype elements. 
beam supported on two columns with 1:WO short pillars carryil'lg the support 
.1'ol1er5p one of which could tilt transversely to allow for twist in the 
element .. LoadwasappJ,iedby a hydraulic ram acting vertically down-
wards beneath and at the centre of the reaction beam through a 1 ton 
cap!,!city load cellon a distribution beamQ This transmitted the load via 
h~gers to two rolle1's v 30 ino apart, which could als.o tilt. transversely" 
Bearing plates ~ X 1 ~ X 7 in" were placed between the element and e,ach 
roller. A C9u.nterb!'!l,ance .heldtheloading system Cigainst the ram with a 
constant force so that as. the ram retracted the loa.d rollers lifted clear 
of the element. The loa.d was . measured toana.ccuracy of +1 Ib by. means 
of a nudd strain indicator connected to the load cell. To observe 
deflections g six targets were placed as shown in figure 5 .. 31 at the 
. centrev and 12 inc either side of the centre longitudinally and l~: in .. 
either side of centre transversely. Vertical displacement, of. the 
tqI'£get t~p~ '1(asmeaS¥I'edwithan automatic precise level mou.n'tedon a 
travelling microscope carriage" This apparat~ was used by Bryant (31 ) 
and has been described .in detail by him. A dial gauge mounted on the 
reaction beam bore agains t a smooth glued:-on aluminium plate for a quick 
inclicat;7.ol'l. of .. central de£lection. 
The loading pr()c.ed~e shown in figure 5 .. 32 was fonowed, it being 
similar to those used previously except that each increment occur.red at 
10 minQ intervals and that .. constant deflections were imposed instead of 
constant loads. Although a hydraulic ram was used p constant deflections 
were effectively obtained by closing a valve in the oil line immediately 
adjacent: to the ramQ The first three loading increments produced central 
deflections of D. 2 i~<>gO .. 4 in .. and 0 .. 6 in .. respectively as observed on 




FIG. 5.32 Load-time sched ule for prototype elements in bendir"lg. 
FIG.5.31. Targets and dial gauge used to measure deflections 
of prototype elements in bending. 
1Q8~ 
central deflection of 006 ino were appliedo Readings of the load cell 
and dial gauge were ta1cen immediately after each load Change and again 
five minutes later followe.d by the target positions, the dial gauge .and 
the loadce.ll. 
5.3.20 4 TOrsio;tl_- Action !! 
The rig for the bending tests was modified slightly to apply torsion 
to e.lem,e:rlts trimmed 59:1:. in. square and is shown in figure. 5.33. The 
el.ements were supported and loaded at the corners tnrough bolted.,..on steel 
platl;S. The supports were .. norizontal knife edges on rpllers which 
allowed moventent . parallel to the reaction beam. A b;ydraulic rama.cting 
vertically beneath the. centre of the reaction beam applied load thr:ough a 
1 ton load cell. a distribution. b,eam, and hangers to steel balls located 
directly over two diagonally opposite corners" Again a counterbalance 
lifted the loading system clear of the element when the ram retracted" 
The nine targets shown in figure 5,,34 were placed centrally on the 
element on a 10i in. grid parallel to the edges .. The automatic precise 
level an~ travelling microscope carriage arrangement was used to meas-ure 
their vertical movements. 
The loading and instrument reading procedure was the same as for the 
, 
bending tests except that the load increments occurred at 5 minute 
intervals 9lld the first three load applications caused 0.4 in., 0.8 in. 
and 1.2 in. deflections respectively at the dial gauge mounted on the 
reaction beam centrally beneath the element. 
1V . 
FIG.5.33. Apparatus for test ing prototype elements in torsion. 
FIG.5.34. Targets placed at 101 inch centres on a prototype 
torsion element for deflection measurement 
110" 
5.4 RESULTS 
The data for each test was processed using an IBM 360/44 computer. 
Routine corrections for zero drift of the strain gauges were applied as 
well as the gauge factors quoted by the manufacturer for each instrument. 
The pair of'readings for each gauge position were averaged for each 
incremento Since the second reading was obtained by taking the readings 
in reverse sequenceg the mean values from each pair of readings will 
refer to the same instant of time if it is assumed that creep occurs at a 
constant rate during the interval between reading and re-reading. The 
processed results are tabulated in table Bo3 in the appendixe 
This processing included the correction for inequality of strains 
on the two sides of the elements as discussed in section 5,,30201. 
The mean strains in each of the four directions X, Y9 S1 and 82 
defined in figure 5.35 were then determined for the 8 ino and 2 in» 
gauge lengths separately. The shear strain was determined by the 
expression: 
where subscripts S, and S2 refer to those directions. In the case 
of series II datai substitution was made into equations 2£7 and L?o217 
for I: and (f which were then compared with their "uncorrected" values, y xy 
given by the 8 in. gause strains only) by means of regression 
analysis to yield the coefficients tabulated table 5,,30 These 
regression equations were then used to correct the average IE and 7f' y xy 
values from the I data. The average values of E. ~ £, and 1:. at 
x y xy 
S1 
----ttt+-~x 
FIG. 5.35. Definition of directions X I VI S1 and S2 on 
nail head side of elements. 
I 
112!'1 
each level on each ~lement are included table B.3. The grand average 
strain-action curves for all elements under each of action are shown 
in figures 5.36 to 5e38. 
relating series I and series II data by 





REGRESSION Y iCY 
COEFFICIENT ' )1 -NAlIED NAIL-GLUED NAILED NAIL=G1UED 
M 0@769 0.811 1.043 1.048 
C (microstrain) 4 4 5 
° 
M 1.079 1,,080 1.079 0.995 
C (micros train) 2 9 4 0 
M 1.053 -j ~ 050 1.072 1.035 
C (micros train) 0 1 
-5 1 
5.4.1" 2 Correlation .~. Grading Modulus 
In order to obtain values for the A, 0 terms in equation 3· y: 
1.J 
.,.. 
€.x A11 A,2 A13 T, 
E.y A21 Af2 A23 T2 1 := " " " . " . .. .. " .. • ~ " t 
'6;Xy A31 A23 A33 S 
the behaviour of the elements on initial loading and during the. load cycle 
were considered separately. 
For the load cycle~ the A. , terms were determined by the expression: l,J 















FIG.5.36 Grand average strain-action curve for action TI on aU prototype elements. 
Average grading modulus = 0'966)(10' psi at 10'7 81. m/c. 
( psi) 
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FIG.5.31 Grand average simin -action curve for action T2 on aU prototype elements. 
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average strain-action curve for action 5 and shear stroin r~~ on prototype 
where the subscripts 2 3 refer the begir.ming~ 
minimUm and end points of the load and f, and Tare the mean and 
action values related by" d 0 This similar 
1. an J 
to that used to calculate the mean of the load portion of the 
joint load-slip in The values obtairled are 
shown plotted against the of modulus in figure 5039. 
FOr behavio1:l~" op loading~ the terms were the slopes of 
the lines fitted to the Gurves between zero load and the 
beginning of the load exc;ept the case of the S = '6' cu.:rves for 
x:y 
the nailed elements where the term A33 was not determined but the 
expre,ssiong 
S "" (A if + B) ( , 
xy 
elf' D 
e:leY) • 0 0 ,6.2{/ was fitted. 
The values for A, < for initial loading and Av B9 C a~d D from 
:lJ 
1}02,g are shown in figures 5.40 and 5.41. 
Regressions and correlations of 1 IE were calculated for 
all four of fastening as well as for the three nailed together 
giving the coefficients in table at the 1% 
level were fovnd for constants A11 and A229 both when each type of 
fastening was considered together g 
indicating no between each For 
constants A12 and A21 the correlatiollS improved with LUI...:r<=,.,,,,,,_LH 
densi ty and were at the 1% level for 
gluing and when that the 
nailing density has no effect on the deformations due to Poisson 
effects but rather on the error them. 
The for the low 
117" 
with values significant at the 5% level being obtained in only two cases 
for constant A31 for elements with pattern 2 on initial lOAding and for 
constant A13 for elements with pattern 1 on initial loadingo The 
constants A131 A23J A31 and A32 should have been zerop butg especially for 
A'3 and A23, some high values were obtained. 
signif'ic'ant correlation with grading mOdulus. 
A33 appears to have no 
The regression lines for the three nailed types together and for the 
nail-glued fastening are shown in figures 5.39 and 5.40. 
The values of Ag B, C and.D and the associated regression statistics 
are tabulated in table 535. None of the regressions was significant? 
even at the 5% level. Nor does anyone coefficient show a better 
correlation than the others i in contrast to the nailed joint coefficients 
where coefficients A and B showed the correlatiolls. This difference 
may be due however to the small number of elements tested. 
Figure 5.41 shows that the type of fastening has a marked effect on 
the values of coefficients A and Bo 
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SLOPE INlTIAL SLOH!: LC"" SLOre INITIAl SLOpe CYCLE SLOm INITUL Stom 
1 .. 581 .633 
1 .. 490 .671 
.986 1.014 
.. 839 1 .. 192 
.. 724 1.381 
.. 654 1.529 
1.482 0.575 





.. 849 _.058 
.. 981 _.050 
1 .. 499 -.164 
1 .. 498 - .. 114 
1.860 _082 
2~119 - .. t47 








2 .. 205 -.113" 
1~382 _102 
.038 ... 01' 
.. 9~ _724 
1 ... 450 0 .. 690 1 .. 034 
1 .. 140 O.PfTl 1.274 
0.899 ',.112 1.652 
0.644 1.185 '.657 
0.615 1.626 2..30:2 
0.599 1 .. 669 '2 .. 213 
M 1.265 - .. 139 
C(XlO-6 ) .179 .033 
1.423 
1,,068 




.. 99~ _ .. 95Qorco 
1.325 _.111 
.087 .013 














.261 .. 862 .094 
-~180 .. 5iBS -.089 
.. OJO 1.528 - .. 21t 
.244 1 .. 415 - .. 111 
-.2?'1 1.887 - .. 121 
.. 328 2.226 - .. 158 
.. 068 1 .. 369 - .. 185 
-.00/ .OZO -.OS8 











2 .. 0$3 
2.153 
- .. 100 
_"'3 
_198 
- .. 115 
-.rm 
- .. 196 
.. S(fI 1 .. 374 _060 
- .. 42:3 .032 -.059 
•• 35 .99_ _.378 
_133 1.035 
_386 1 .. 286 
.. 155 1.626 
.004 1.687 
.065 2.359 
- .. 129 2 .. 269 
_loa 





.185 1 .. 328 -.157 
_291 ,,125 +.025 
.. 382 .9%09 _938«10 
~2'4 1.366 _'42 
- .. ' 95 .. 04$ - .. 028 
.304 .98_ -.~ 
",,~9 - .. 112 -..058 1 .. 293 - .. 142 
.. 102 .. 002 .147 .. 093 .019 
.987" _-"()eriO> _,,100 .. 9~ _rna.. 
.. 291 - .. 114 .082 1.333 -",,144-
.. 110 .. 012 
- .. 028 .. r1]5 -.028 
.. 987 .. _.827 .. 
.162 ..9~ ...... 725 .. 
.179 














- .. 015 
- .. 038 
- .. 048 
-.182 
_063 










.113 - .. 094 
-.800 .033 































2 .. 003 
2.163 
3.053 











- .. 069 
-.133 
-.062 






- .. 102 
_1(14 
.. 351 _085 
- .. 416 .02:2 
.365 -.804 
- .. 037 - .. 053 
.... 426 -.051 
- .. 340 ... 086 
+ .. 031 -.082 
_314 -.161 
-.2(]J -.113 
2.347 - .. r1]0 -.094 
.. 452 -. 'lJ2 .. 022 
.. 99~ -~152 -.89~ 
2.590 -.003 
.. 211 .. 012 
















.161 - .. 159 
-.259 ."'6 
.265 -.94 _ 
.001 
_ .. 86 
.002 
•. dgniEicZl:rtt at 5% level 
.. significmt at: ,,, level 
2:.018 
2.376 
3 .. 176 
4.108 
2 .. 173 
2 .. 146 




2 .. 038 
2.400 
3 .. 115 
3 .. 532 
4 .. 421 
4.350 
A1J AZJ A3~ 
.565 33.31 -.299 
-.140 17 .. 24 _ .. ,no 
-.84~ 27.09 .199 
-.374 18~62 1.414 
-.418 28 .. 84 ... 535 
,,138 39.12 1 .. 864 
-.444 9 .. :W· 2.18')' 
.31.3 17.53 -1..790 
- .. 3-14 .401 .. S73<\i-
-.043 16,,12 .. 174 
-.597 21~10 -.537 
-.760 21~69 .369 
-.574 35.45 .. 575 
-.650 26.49 .. 12~ 






15 .. 24 
20.64 
18.31 










- .. 032 .235 -.498 4 .. 11 - .. 343 
- .. 286 _ .. 312 .. 075 15 .. 51 1 .. 209 
..041 .289 -.455 .. 262 -.136 
.019 .. 216 -.358 6,,'2~ 
- .. ,14 -.265 .. 032 17 .. 33 



















.141 .088 .905 ·, .. 59 
- ... 246 .139 -~301 15.23 






















- .. 2:55 
-.430 









- .. 115 
.834 





17 .. 16 
1B.ZO 
19.79 




- .. 503 15 .. 04-
.379 0;626 
TABLE 5.5 Values of AtB~C and D in equation S = 
and statistics for regression against grading modulus 
ELEMENT GRADING A B C D FASTENING LABEL MODULUS 
\"1 X106psi X106lb/in~ lb/in. X106 
51 16490 ~a02138 28.40 ~.001319 $4620 
52 .. 839 " 002187 30~16 -.001659 .5800 
1 53 .654 .002295 23.15 -.001260 .4913 
A5 1.581 0002427 17 .. 16 -" 001197 04741 
E5 .986 " 001441 11.64 -.001229 .. 4481 
I5 .724 0002047 24.10 -.000885 .4507 
Regression M .000196 =2 .. 46 -0000041 -.0317 
statistics C(X10
6) .001884 25~01 
-" 001215 " 5175 
r .226 -.140 -.066 -.254 
11 1,,482 .004001 31.25 -.001555 .5636 
12 .916 " 003281 29.35 - .. 001305 .4542 
2 13 .643 " 002726 27,,07 -.001018 .5259 
B1 1.257 0002757 20.95 -.000744 .5219 
F1 .912 .002978 20.43 -.001002 .3164 
J1 .664 .002978 26032 -.001546 .5216 
Regression M .. 000942 1070 - .. 000019 .0685 
statistics C (X106) .002198 24.23 -.001176 .4168 
r .658 " 129 -.020 " 255 
21 1.450 .007216 51.92 -.003334 " 9031 
22 .899 .007006 ' 38.38 -.002454 .7447 
3 23 .. 615 " 005501 36. ,88 -.001699 .6558 
C2 1.140 " 005691 27034 -.001200 .5509 
G2 .844 .004740 • 24.26 -.001716 " 5127 
K2 0,599 .004412 25.26 - .. 001650 .5967 
Regression M .002482 19.87 -.001406 .2556 
statistics C(X10
6) .003466 15.74 -.000710 .. 4243 
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FIG.S.lS. Plot ot Aij terms against inverse of grading modulus 
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FIG_ 5_40 Plot of Aij terms against inverse of groding modulus 
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The curvature of the elements tested under actions M1 or M2 were 
calculated by the ~pression: 
curvature k Or k =~,-----~~----
. ?< Y 
where !::::. * 6. and are the mean deflections in inches of each 
1 2 
pair of targets labelled 1 to 3 in figure 5.29. The calculated values 
of M1 ~ M27 kx and ky are contained in table B.4 together with the 
deflections of each target. 
Similarly in the torsion tests, curYc;ture and twist were calculated 
k 
Y 
k ;:;: ~ + A. - ~ - A ) / 212 
xy 1 9 3 7 
where~. to ~ are the deflections of targets numbered 1 to 9 
1 9 
respectively as shown in figure 5.34. The calculated values of H1)i kx' 
ky and kxy ar.e contained in table B.4 together with the deflections of 
each target. The grand average action - curvature curves shown in 
figures 5.42 to 5.44 typify the behaviour observed. 
5.4.2.2 Correlation~ Grading Modulus 
Values for the terms Bij in the expression L?oi7 were obtained by 
considering the load cycle and initial loading separately. 
where the sUbscripts 1, 2 and 3 refer respectively to the 
beginning, minimum and end points of the load cycle while k and Mare 
the mean curvature and action values related by , and . respectively. 
~ J 
Since t~e elements showed reasonably linear behaviour on initial 
loading, the va~ue computed for B .. referring to initial loading was the 
~J 
slope of. the regression line. fitted to the curve up to the beginning of 
the load cycle. The values obtained are shown plotted against the 
inverse of grading modulus in figures 5.45 and 5.46 and tabulated in 
table 5 .. 6. The constants B11 gave correlations significant at the 1% 
level for each type of fastening considered individually. The type of 
fastening had a marked effect as may be seen in figures 5,,45 and 5046 
and as shown by the fact that the correlations were low when the values 
were correlated collectively. 
The constants B22, however~ were not affected by the type of 
fastening and showed significant correlation with grading modulus both 
individually and collectivelyo 
The constants B13 and B23 should have.been zero but some high values 
were obtained. These appear to be due to experimental error since the 
mean values are small • 
. The constants B33 vary with type of fastening rather than grading 
modulus. The regression lines £01" each type of fastening are shown 
separately for B11 and B33 only~ since it was in these cas~ that 






















KEY: S.ymbol Fastening Ave. modulus 
• 1 l072 x 10-& psi 
+ 2 0·994 II 
x 3 8-940 " 

























KEY: Symbol Fastening Ave. mod~lus 
• 1+2+3 '-021)( 10 psi 






• Pa.H-e.rns I , 1 ~ 3 
co."'411.I'"co.,e..:L 
FIG.5.43_ Grand average action -curvature curves for action M2, on prototype elements. 
KEY: Symbol Fastening I Ave. modulus 
150 1 1·002 x 1rf psi • 2 1·039 i:"- + .. 
N X 3 0-850 .. ~ 






















FIG.5. 44. Grand average action -twist curves for action H on prototype elements. 
TABLE 5.6 REGRESSION OF Bij CONSTANSTS AGAINST BY THE EQUATION Bij = M(l/E> ... C 
,...,nm .",,1011 '" ""'_=1011 x" TtIl.SIOl:W. ACTICIN II 
I O •• ,llm; l!<D1lWS a"~ I =lJIG ItIlIlUWS "22 ~ ~ GlIADlJIG l!i:OOLU:I LDAI>C'tCU! INITIAL ~:mG ~ % tIWl IBITIAL ~ E '/a LOAJ) =IAL ~ E '/a "13 ·23 "33 ·'3 823 "33 ~ C'tCLE LOAJ)IIIG = !.OAJ)m:; ~ X1~ 
X106ps1 Xl0"""iIl!';n. X10""" ..... ';n. Xl0
tiP5i ,uo-6i1l!'/lb ",0""""'" 2;n. X10
i5p:si ;n. X10""" ..... ';n. "'0""""'" ';n. 
14 .53' 1 .. 860 6,.'34 8 .. ..;02 Y4 .549 1 .. 821 23.10 24..39 1.348 .742 .004 .696 11 .. ,36 _095 .218 36.93 
x8 .706 1 .. 416 6.792 &..1514 ya .. 111 1.408 24.24 25 .. 33 '.067 .938 -1.141 -.860 17 .. 10 -.477 - .. 132 .... 92 
X'2 .876 1.141 5 .. 608 6.495 Y'2 .876 1 .. 141 16 .. 25 16 .. 25 .875 1.143 _558 -.8r11 14.40 .315 .... 1.380 39.91 
"'6 1.064 .940 5.078 6 .. 332 Y16 l .. fJl1 .929 14 .. 96 15.51 .. 719 1.390 _530 ' .. 318 '5.66 -.265 .840 42.8 
%20 1 .. 411 .706 
... -
4.885 Y20 '.«7 .. 691 '2.54 12.70 
.t24 1.840 .544 2 .. 951 3.S()6 Y24 1.949 .5'3 10.39 10 .. 61 
•• gressi<Jrl c(x.~""") 2.753 3.082 ltegrcu:icm K 10 .. 934 11.828 aeg:ression C(X,~..;;) 1.0% ... 275 _102 10.689 Coeftici=ts 2 .. 121 2.735 Coefficicrts c(x,o""") 5.060 4 .. 645 Coef£iciC!:l't$. _1.068 10.'1:17 -.2,36 17",381 
CO'l:'1"d.atiCll. r:.oa£t .. .S'100 . ~ Carrela:tiaa. cOdE .. • 93_ ·.935«> Correlau= coeft • .278 .447 .084 .. 861 
"" 
.433 2.030 3.129 ... m Y3 • 527 '.896 27.73 29.41 t. 1.272 .766 _.000 .040 14.50 .140 _623 17.5 • 
t:/ .645 1.550 2-sa. ... 332 Y7 .6eo 1 ... 411 24.67 25.39 1.014 .$'86 -.520 ..7Hi 13.70 -.7$1 _8r11 38.19 
X11 .820 1.220 2.500 3.876 Yll 
.84' 16189 20,17 21 .. 18 .832 1 .. ;;!O2 -.59< .5'34 13.06 -.214 _125 36 .. 25 
%15 '.0<1'/ .9'l:l 2..521 3.809 "{IS ,.0<1'/ .993 16.86 16.91 
X19 '.306 .765 2 .. 547 3 .. 363 "(lS ,.299 .770 14-3S 14.16 
%23 1 .. 691 .591 1 .. 881 2.591 Y23 1.609 .622 11 .. 84 12 .. 02 
C(Xl~""") .. 714 Regreuioa C(X'~";;) 14 .. 160 Rcs;;res5ii«l. C(Xl~""") -3.455 -.BOS 1 .. 551 -3.274 1 .. 12& CQe£fiei=ts 3 .. 441 Coe:?.f'ic:io..ts 11 .. 178 .513 -2 .. 143 40.586 
.-
CQZ'rela:tian cod£" .. .99l<o Ccrrclatico. coCf£. .~ .360 .8!l7 .687 
2.0% 2.301 Y2 .527 1.S69 24.02 24.51 13 1.182 ...... -.6S'! .O$i 11 .. 87 
.'r1I 31 .. 34 1.639 2-OS3 YO .654 1.529 18.76 20.57 '1:1 1.051 .505 .354 10.72 _418 32.05 
1.275 '.516 Y'O .789 1.267 15.B9 16.99 111 1 .. '2:51 - .. 437 -.123 9.41 -.65. 32.09 
'.029 1 .. 5.91 Y14 .'116 1.024 '6.35 16 .. 05 "4 1.463 1.579 -2..021 9.88 -1.845 38.02 
.825 '.3r1/ "(,8 1 .. 212 .825 14..15 14 .. 57 1'5 1.573 2.506 2~916 14..15 1 .. 3'f1l 37.69 
.629 '.225 y2</. '.582 .632 .0.J4 10 .. 00 
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FIG.5.45. Plot of Bij terms against inverse of grading modulus 








































FIG.5.46. Plot of B[j terms against inve~se of groding modulus 
for initial loading on prototype elements. 
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5.5 COMPARISON WITH THEORY 
The mean value of grading modulus used in computing theoretical 
values of A .. and B .. in section 5.2 was 10077 X 106 psi. l.J l.J If this 
value is substituted into the regression equations tabulated in tables 
5.4 and 5.6, the values in table 5.7 are obtained. In table 5.7 the 
influence of type of fastening on the constants can. be more clearly 
seen than in figures 5.39, 5.40p 5.45 and 5.46. 
The values of A11 and A22 agree closely with theory with the 
nail-glued elements as expected, giving values slightly lower than the 
others. A11~ however g shows higher values for increasing nailing 
density, a tendency opposite to that expected. 
The values of A12 agree well with theory ~ both for nailed and 
nail-glued elements. The values of A21 are lower than expected for the 
nailed elements. This indicates that the outer layers of boards were 
restrained from lateral extension from Poisson ratio effects g either by 
the middle layer or by the load distribution beams of the testing rig. 
For the nail-glued element the A21 values are higher than the A12 values 
and higher than the theoretical value whereas the A12 values were lower 
than the theoretical value. This indicates that either some slip 
occurred between the layersp contrary to an assumption made in the 
derivation of the theoretical values of A. . or that the mean of the l.J 
strains measured at opposite points on the two faces did not represent 
the mean strain through the element at that point. 
1326 
of A .. and B .. for prototype elements with a mean grading modulus 
l.J l.J 
Qf 1.077 X '106 at 1 o~ 7% moisture content 
-6, 2/ A. . x: 1 0 J.n,. lb - LOAD CYCLE 
l.J 
:::i [283 -. 062 -. 08~ E 321 -.052 
-.0] 354 =0041 -'09~ 1027 -.057 '21~ 
.053 2.613 -.099 -.084 2.618 -.45 096 2.631 -0387 -.102 20382 .075 
.056 .004 26.07 .048 -.090 23.05 119 -.197 19.31 .093 ~o 11 0 16.71 
"-
A .. X 10-6 in. 2/lb - INITIAL LOADING l,J 
1.291 -.069 
'24j [308 -.057· .18] [358 -.065 '8~1 [294 -.072 . 23~ 
-.260 3.039 .959 -.115 2.748· -.667 2.654 .399 -.113 2.306 .076 ~.121 
_0044 • 029 
."" -.138 -.056 "" • .108 -.316 •• __ ,179 =. '115 18.48 
-6. 2 -
Aij X 10 l.n. /lb - THEORETICAL 
[33 -.064 'l ~.33 -.064 
3J 
33 - .. 064 
. ~ [314 -.092 I1J • ~91 2. • -~ 591 2.45 591 2.45 00092 2.424 624j L. • 156.. ., 
...; 
-6 2/ B .. X 10 in. lb - LOAD CYCLE lJ 
[;77 • -'50~ r.391 _'28~ 425 -'61~ [58 -'1~ 15.21 -.05 • 16.34 .429 14 .. 06 -.143 14.09 .763 
· 
14.25 _. 13.9L • 1 o. 7~ 9.00 
-6. 2/ B. . X 1 0 In. Ib - INITIAL LOADING lJ 




37.55 31.12, L· 10.52 
.X -6. 2/ 
J 
10 l.n. Ib - THEORETICAL 
Fo 942 • 
'1 [942 : J L~42 57:J 
938 ~2026 '1 
· 
9.828 9.828 9.828 264 9.788 I : 57:6J : • • 57.68 • • 11.'.91 '-
.. values refer to load cycle behaviour only 
.$ A33 has no meaning for nailed elements on initial loading 
The values for A33 for nail-glued elements are highel' than 
predicted indicating that they were more flexible than expected. This 
is possibly explained by the fact that the layers are constructed of 
boards rather than a continuous wooden lamina as in the case of plywood. 
If this is the reasont then an increase in shear stiffness would be 
gained by edge-gluing the boards during construction of the membrane. 
The theoretical values for A33 for nailed elements on load cycling 
are obviously wrong; indicating either that friction transmits most of 
the load between the layers or that the elements behave in a manner 
different to that assumed in section 5.2040 The elements show an 
increasing stiffness with increasing nailing densitY9 but not in proportion 
to the number of nails per unit area but rather in proportion to the 
square root of this number. is noticed g that for load cycling 
a stiffness approaching that of a nail-glued membrane may be obtained if 
sufficient nails are used. However 9 the non-linear behaviour and low 
stiffness on initial loading of a nailed membrane would preclude its use 
in most cases. The increase in stiffness with nailing density shown in 
figure 5.38 indicates that the stiffness of the nail~glued elements could 
be equalled at a high but probably impracticable nailing density. 
The values for A139 A23, A31 and A32 are not small in comparison 
with A12 and A21~ whereas they should theoretically be zero. If the 
A .. constants are used to evaluate the state of plane stress causing a l.J 
set of observed strains eve and ¥ , then the matrix Lrs .. J 
x y xy l.J 
calculated which is the inverse of {f.. . . J. 
l.J 
Also, if the anomalous 
matrix is obtained. 
in table 5.8. 
The values of C. . for load cycling are compared 
l.J 
TABLE 5.8 Values of C. , for prototype elements under load 
l.J 
including and excluding the anomalous A .. constants l.J 
C. , X 106 psi including anomalous constants 
l.J 
•
0041 - .~~ FHO .0041 r
89 0018 [780 .019 .758 .015 .012 -'01~ 
.016 .383 .OO~ .024 .383 .008 C28 .381 .OO~ .034 .421 -.002 
-.002 .000 .038 -.002 0002 .043 0005 .004 .052 .004 .003 




.019 ] [758 .015 · J 1:"739 .012 oJ [788 0019 
.383 • .024 .383 
· lO27 .381 • .039 .421 
• 038 • .043 • .051 • 




negligible effect on the majoT C .. constants. This result is similar to a 
l.J 
conclusion reached by Walker(32) in his work with electrical resistance 
strain gauges on solid wood. He found that if the plane on which the 
state of stress is to be evaluated is ap;proximately parallel to an 
orthotropic plane then the natural variability of wood is insufficient to 
require the use of the more general elastic relationships which are 
applicable to any plane regardless of the orientation of the orthotropic 
planes. Considering also the low correlations with grading modulus 
obtained for the anomalous A, , constants p it may be concluded that they l.J 
may be ignored and that they imply that some error will be involved in 
the experimental determination of local stresses but little error in 
calculating overall patterns of stress in a membrane. 
Considering the nailed elements in shear~ values for Ai Bo C and 
, 
D may be calculated from the 
grading modulus of 1.077 X 106 
on equations in table 5. for a 
In table 5.9 these values are 
compared with theoretical values as derived from equation (5.1 
TABLE 5.9 Comparison of theoretical and experimental value.s of 
coefficients All BpC and D in expression for shear action ~ shear 
strain behaviour of nailed elements at a mean grading modulus 
of 1.077 X 106 psi 
,-,"-,"1l 
TYPE OF THEORETICAL EXPERIMENT AL 
FASTENING 
A B C D A B C 
Xl061b/ino lb/in. X-W6 X106Ib/ino Ib/in. X106 
1 .000028 2408 ~oOOO023 .8511 .002095 22.4 -.001259 
D 
.4836 
2 0000056 49.5 ~.000023 08511 .003213 26. 'I =.00'1196 .4906 
3 .000'113 99.0 -0000023 .8511 .006139 3701 ~o002224 .6996 
It can be seen from the relative values of A and C in table 5.9 that 
the elemen.ts were from 60 to 100 times than theory and p 
from the relative values of that the did not show an e in 
direct proportion to the nailing This demonstrates that the theory 
is inadequate for describing the behaviour of In 
contrast to the load cycling behaviour does not appear that 
comparable to that of the elements could be 
sufficiently the 1'1g deusi 
where appears to transmi.t most of the stress. [<'or hi 
an a:r':t'angc~me:ot at 
lonui ion vlol . ..lld be red :i f 
East: 
'1360 
The value of B11 is seen to be dependent on the type of' as 
well as repeated loading~ Nail-glued elements were stiffer theory 
indicated by 5 to 9%. The stiffness of the elements under action M, 
pears a close linear relationship to the nailing density shown figure 
470 This relations~ip indicates that sti£fnesses eq'uivalent to those 
of the nail-glued elements should be obtained at nailing densities of 
about 40 and 63 nails/sq ft for load cycling and initial loading 
respectively. The intercepts of the regression lines at zero are close 
to a value of '/B11 equal to .0855 X 10
6 
which may be calculated for the 
two outer layers acting independently" 
The behaviour under action M2 shows no significant effect of type 
o£ fastening or repeated loading. The theoretical values of B22 were 
calculated assuming an outer layer was able to carry tension perpendicular 
to the board direction as in plywoodo This is obviously not possible 
-6 andg ignoring this layer a value of B22 equal to '15.5 X 10 
calculated which is close to the observed values. 
In torsion the elements were stiffer than expected £01' all types of 
fastening" The theoretical stiffness of the nailed elements represents 
a lower bound as each layer is assumed to act independently while the 
theoretical stiffness of the nail-glued elements represents an upper 
bound since a rigid connection between the layers is assumede 
Figure 5047 shows that the stiffness of the nailed elements torsion 
as given by 1/B33, does not bear as close a linear relationship to 
nailing density as does 1/B11 " However appears that equivalent 
stiffness to the nail-glued elements would be obtained at a nailing 
density.o£ 3705 nails/sq £t for load cycling while for initial loading a , 
.. 
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G.5.4'l Showing the effect of nailing density on the stiffness of prototype elements 
under actions M 1 and H_ 
CHAnER SIX 
MODEL SHELL ELEMENTS 
6.1 GENERAL 
The work described in the previous chapter was repeated on 1/5 scale 
model elements. 
6.2 EXPERIMENTAL INVESTIGATION 
, " 
6.2.1 Element Preparation 
Model boards were machined from prototype boards as described in 
section 2.3 and their grading modulus measured at 4 in. intervals. From 
thesep 12 in& 1 8 in" g and 1.4 in. lengths were selected according to 
grading modulus to make up the four types of element shown in figures 5.8 
and 5.9. These covered the three nailing patterns and nail-gluing as 
summarised in table C.1 in the appendix. 
The elements were assembled on the jig sho,m in figure 6.1 which 
consisted of a i in. thick machined steel plate fixed to the top of a 3 ft 
pillar with a system of pulleySt cables~ hangers and 1! X 1 in. steel 
distribution beams to apply cramping pressures to the l~ers of boards. 
The steel plate was overlaid by a t in. thick sheet of expanded polystyrene 
to allo'lll the points of the model nails to project through the elements. 
These points were later removed by passing the elements under a grindstone 
held in the chuck of a drillpress. An 8 in. square nail-glued element for 
testing in compression and shear is being assembled in figures 6.1 and 602. 
The template shown in figure 6.2 was used to align the boards at 
right angles ~ to draw a guide lines for the nailing pattern and later to 
locate the holes for the shear rig. A si~ilar but larger template Was 
1 7 r, 
- .. 
FIG.S .l Jig used for assembly of all model elements . 
FIG.6 .2 . 8 in. square e lement completed showing template 
for positioning nails and holes for shear apparatus 
used £01" the torsion and bending elements. Weights were placed 011 the 
hangers to produce a cramping force o£ 4 lb/in. on each layer 'which vias 
maintained until the element was completed. The amount o£ glue in the 
prototype elements waS 0.1 lb/sq £t/glueline and therefore to obtain 
gluelines 1/5 o£ the prototype glueline thickness t a rate of glue 
application of 0.02 lb/sq £t/glueline was required in the model elements •• 
Howeverp this rate was too small to give complete coverage so a rate o£ 
0.03 Ib/sq £t/glueline was actually used. It was not expected that this 
would significantly affect the behaviour o£ the model glued elements since 
the glue should give a rigid connection regardless o£ the glueline 
thickness. 
To trim the elements square a circular sawbench with a planer blade 
was used. Except £01" the work involving machinery~ the assembly o£ these 
elements was carried out in the constant te1!!perature room where the 
o 
atmosphere was controlled to 68 ~2 F and 61 ~2% rohe These conditions 
produced an equilibrium moistur:e content of 10.9%. 
6. 2 Testing 
6.2.2.1 Compression - Action!1 ~ Ie 
The rig in figure 6.3 was constructed to apply actions T1 or T2 to 
elements 7.7 in. square. A steel frame carried a hydraulic ram in its 
lower member. This ram acted on a 2 X 1 in. distribution beam which could 
pivot about a horizontal axis in the plane o£ the element. A hardened 
steel bar with a Vee-groove in its upper face carried * in. dia~o steel 
balis., One inch sections o£ a similar steel bar were placed on top o£ 
the balls to trans£er load'to the bottom edge o£ the element. This 
arrangement ensured axial loading and freedom from lateral restraint~ A 
similar arrangement was used at the top edge but with a 1 ino length of' 
FIG.6 .3 . Model element being tested under action T, 
with Huggenberger extensometers attoc.hed. 
11~ 1 • 
1 
tin. diam. bar replacing four balls at the centre to 
rolling bodily sideways. A distribution beam at the 
the element 
was constrained 
to move vertically by two long arms pivoted at their farther ends. Two 
2-ton capacity load cells were connected to a Budd strain indicator to 
measure the load transferred from the upper distribution beam to the 
frame to an accuracy of ~4 lb. A Rheile oil pressure machine connected 
to the ram was remotely controlled from within the constant temperature 
room. 
Strains were measured on both sides of the elements with a pair of 
extensometers as shown in figure 6.3. These were set at a gauge length 
of 4.2 in. and placed successively in positions x, and x 2' x3 and x4~ etc. 
up to X9 and x10' and in positions Y5 and y 6 shown in figure 6.4 
successive tests under action T1• Similarly the gauges were placed in 
positions Y1 and Y2 up to Y9 and Y10 and x5 and x6 in successive tests 
under action T2" 
By using a gauge length of 4.2 in. the effect of movement between 
adjacent boards was automatically allowed for since 4.2 in. was an integral 
mUltiple of the board width of 0.7 in. The knife edge contact points of 
the extensometers rested in grooves scribed on 3/16 in. square steel pieces 
glued to the element. 
The loading procedure followed Was similar to those for the prototype 
elements except that increments of 1/6 maximum load were applied at 2 
minute intervals as shown in figure 6.5. The same maximum values of 
480 psi for T1/t and 240 psi for T~t as for the prototype elements were 
used in the model tests. The rate of loadingp however g as shovln in 
figure 6.5 was five times the prototype rate. This alteration of 
procedure was considered admissable from preliminary tests which showed 
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FIG.6.4. Positions of strain measurement on model elements 
tested under actions T, and Ta' Even numbered 
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FIG.6.5. Load-time schedule for model elements under 1'; and Tl 
that the creep strain occurring in the inverval between 1 and 20 minutes 
after load application was less than could be detected by the 
Huggenberger extensometers which were accurate to +2 micros train. 
6.2.2.2 Shear - Action S 
The rig constructed to apply action S to model elements is shown in 
gyre 6.6. This was essentially the same as the prototype rig except 
that load was applied by means o£ weights through a lever system~ The 
counterbalance for this lever shown in figure 6.6 and also the facility 
for adjusting the height o£ the pivot so that the lever could be kept level. 
Load was applied to the element through Vee blocks and the bearings, 
axles, straps, bolts and rubber bushes which are shown in figure 6.7. This 
arrangement differed from the prototype in that axles were placed at two 
corners only instead o£ all four. 
Strains were measured on the tension diagonal only by means o£ two 
4 in. gauge length demountable mechanical gauges which were held in place 
by clips and (suspended on) springs as shown in figure 6.6. The apparatus 
was too delicate to allow the gauges to be held in position manually and 
therefore the strain along the compression diagonal could not be measured 
but was assumed equal and opposite to the strain measured. 
The loading procedures shown in figure 6.8 were similar to those for 
the prototype elements except that more increments were possible with the 
simpler instrumentation. As in the prototype elements g the load P was 
calculated to produce 1000 microstrain in shear. 
6.2.2.3 Bending - Actions . M1 ~!:!e 
The rig in figure 6.9 was used to apply action M1 or M2 to model 
elements 1.4 in. wide by means o£ four-point bending over a 11.6 in. span 
with the load points 6 in. apart. 
FI G. 6.6. Apparatus for testing model elements under action S . 



























FIG6 8. Loading schedul~s for model elements In shear. 
FIG.6.9. Apparatus for applying action M, or Ml to model elements . 
It consisted o£ a beam on two pillars fixed to the laboratory bench. 
The supports were knife edges, one o£ which could move towards the other on 
rollers. The knife edges rested in grooves in 1/16 X i X 1.4 in~mild 
steel strips glued to the element. The loading arrangement consisted of 
a screw acting vertically beneath the centre o£ the beam through a thrust 
bearing onto a distribution beam. This applied load at two points~ i in. 
either side o£ the centre o£ a 1 X i in. mild steel flat bar which was 
strain gauged at its centre to act as a load cell. Two flat-wound wire 
grid i in. gauge length gauges were placed on both faces o£ the flat bar 
and wired to form a £ our-arm bridge. This load cell enabled loads up to 
150 lb to be measured to an accuracy o£ +0.1 lb. Hangers transferred the 
load from the flat bar to two i in~ diam. bars which applied the load to 
the element. A counterbalance lifted the loading system clear o£ the 
element when the screw was retracted. 
Curvature was measured by means o£ a dial gauge carried on a yoke 
which rested on the element. at two points 4.8 in. apart. The dial gauge 
plunger carried a short beam oriented at right angles to the yokeQ This 
short beam rested on the element at two points to provide a self=supporting 
system. A second dial gauge with a remote sensing lever observed the 
deflection of the midspan point o£ the element relative to the bencho The 
first six load increments each produced deflections o£ 0.02 in. as observed 
by this second dial gauge. Thereafter increments of 1/6 of this maximum 
load were applied at five minute intervals according to figure 6.10. 
6.2.2.4 Torsion - Action li 
The rig used to apply torsion to elements trimmed 11.8 in. square 
shown in figure 6.11. It was essentially the same equipment as was used 
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FIG.6 .lO. Load - t ime schedule for model elements In bending . 
FIG.6 .'1. Apparatus for testing model elements under action H. 
1490 
bolted to each corner. Two of these rested on knife edge supports while 
load was applied through steel balls at the other two corners. A 
longer flat bar replaced the one used previously to act ,as/a load cell of 
25 lb,~capacity accur.ate to 03 lb. A counterbalance lifted the loading 
system clear of the element when the screw was retractedo Twist was 
measured by the instrument shown in figure 6" 11. This consisted of a 
dial gauge mounted ona yok~ with the plunger carrying a beam at right 
angles to the yoke and the plungero Legs fixed to the yoke and the beam 
rested on the element at four points which defined the corners of a square 
of 4.2 in. side concentric with the edges of the element. 
Loads were applied at 7i minute intervals in a sequence similar to 
that shown in figure 6.10., The maximum load was 1/25 the mean maximum 
load on the prototype element with the same type of fastening as the model 
element under test. 
6.3 RESULTS 
6.3.1 Compression and Shear 
6.3.,1&1 ~Processing 
rhe data obtained was processed by computer to convert the bridge 
and gauge readings into action and strain values respectively as tabulated 
in tables C .. 2 and C .. 3 in the appendix. Since the method of fastell.ing in 
the elements appeared to have little influence on their behaviour in 
compression, the grand average curves ignoring the fastening method were 
computed as shown in figures 6.12 and 6.13. 
In the shear tests, as the gauges were clipped in placeg no zero 
readings on a standard bar could be taken to determine a zero drift 
correction. Howeverg as this work was done in the constant temperature 
(psi) 
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FIG.S.12. Grand average strain -action curves for action T, on all model elements. 
Average grading modulus = 1-142 x 10'psi. 
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FIG. 6 .13. Grand average strain - action curves for action T2 on aU model elements. 




























FiG.S.14. Grand average strain-action curves for action 5 on model elements. 
1 
room and the gauges were not handleq during a test g any zero drift 
occurring should be negligible. The strains from the two sides of each 
element were averaged and the shear strain computed as twice the observed teh-
s.ilediagona.lstrairi~ The grand average. curves shown ilj. figure 6.14 '.typify 
the behaviour observed in the shear testse 
6.3,,1.2 Correlati;>:r;!!!h. Grading, Modulus 
Values for the term A .. in eguation !JoY: 
:l.J 
1 
At\: A12 A13 
A21 A22 A23 t" • • • (> Ii) Q • 0 0 0 0 0' 
7f XY_ s 
were obtained in the same manner as for the prototype elements with the 
exception that values for A130 A23~ A31 and A32 were not obtained as no 
shear strain measurements were taken in the compression tests o neither 
were strains measured in directions X and Y in the shear tests. As 
stated in section 5.2.2 orthotropic theory requires that these constants 
be zero and it is seen.from figures 5.39 and 5.40 that although some 
comparatively large values for these constants were obtained for the 
prototype elements, their mean value was effectively zero considering 
their scattero There£ore it was not considered necessary to obtain 
values for these constants for the model elements. Also~ in the case 
of the shear tests the strains in directions X and Y could not be 
measured, due to the presence of the clipped-on Demec gauges p except 
perhaps by means of electric resistance strain gauges whose expense was 
not warranted in view of the above argument. 
For load cycle behaviour~ the values of A119 A12~ A21 g A22 and A33 

























FIG.S.15. Plot of I\j terms against inverse of grading modulus 
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FIG.6.17. Plot of coefficients ABC and 0 from the expression 
S =(AllXy+B)(l-eCIXy)Dfitted to the shear action-shear strain 
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For initial loadingg figure 6.16 shows these values plotted against 
1/E except for A33 for the nailed elements where t as for the prototype 
elements p the equation~ 
C?( D 
S = (AT. + B)(1 - e xy) was fitted. 
xy The values obtained 
for At B, C and D are shown plotted in figure 6017 against grading modulus., 
The A .. terms, Au B, C and D and the regression coefficients are tabulated 
l.J 
in table 6,,10 
Correlations significant at the 1% level were obtained for constants 
A11 and A22 both when each type o£ fastening was considered separately and 
when th~ were considered collectively. This indicates that the type of 
fastening has no influence on these constants and that grading modulus is 
an extremely good. index parameter for them.' For constants A12 and A21 
the correlations improved with increase in rigidity of the fastening with 
highly significant correlations obtained for type 3 fastening, nail-
gluing and when the constants were considered collectivelyo A similar 
inference to that for the prototype elements is drawn: that the type of 
fastening does not affect the mean magnitude o£ the Poisson ratio strain9 
only the scatter associated with that mean" 
The correlations for constant A33 were not significant at the 5% 
level indicating that grading modulus is not a good index parameter for 
Considering the behaviour o£ the nailed elements in shear? as 
characterised by the coefficients At Bp C and D in table 6.1 g only 
coefficient B for fastening 2 shows significant correlation with Eo 
This, however$ appears to be an anomalous result because the 
correlation is negative and because the other two fastening types do 
not show a similar trend. 
158. 
TABLE 6.1 REGRESSION OF Aij CONSTANTS AGAINST liE FOR MODEL ELEMENTS 
IlRADIRC HODUWS 
rIlST~IIIIIG LAlISL E I/E 
Xl0GpSi Xl0-"in. 2/lb 
~ .7B5 1.275 
8 .952 1.051 
1 12 1.095 .913 16 1.258 .795 
20 1.469 .6Bl 
24 1.798 .556 
Regression M 
Coefficients C(Xl0-6 ) 
Corrdation co~ficient r 
3 .722 '.3~ 
7 .911 1.091 
2 11 1.054 .948 15 1.:213 .824 
19 1.425 .702 
23 1.681 .595 
Regression C(~10-6) Coefficients 
Correlation coefficient r 
2 .646 1.548 
G .878 1.140 
3 10 1.022 .978, 14 1.112 .854 
18 1.371 .729 
22 1.605 .652 
Regression C(~10-6) Coefficients 
r 
1 + :2 + 3 C(~10-6) together 
Correlation coe£ticient r 
1 .543 1.843 
5 .~O 1.190 
Nail-glued 9 .989 1.011 13 1,128 .886 
17 1.309 .764 
21 1.534 .652 
Regression C(~10-6) Coefficients 
Correlation co~£icient r 
ALl C(~10-G) together 















































A12 A21 A22 A33 
XIO-Gin. 2/lb 
-.217 -.IB5 3.238 8.40 
-.105 -.063 3.255 16.72 
-.142 -.W8 2.487 16.48 
-.041 -.0'/1 2.432 19.55 
-.109 -.052 2.012 15.45 
-.041 -.002 1.741 15.10 
-,210 -.2W 2.275 -8.76 
.W5 .IW .529 23.08 
-,821. -.895. .952 ... -.613 
-.204 -.189 3.547 20.80 
-.137 -.241 2.906 17.89 
-.199 -.W7 2.406 17.05 
-.165 -.175 2.323 12.27 
-.053 -.103 2.120 18.88 
-.049 -.026 1.621 28.12 
-.189 -.IW 2.302 -4.18 
.040 -.041 .360 23.03 
-.7B2 -.101 .987'" -.229 
-.272 -.186 4.092 1~.30 
-.148 _.216 3.144 17.04 
-.135 -.IW 2.636 23.33 
-.121 -.049 2.164 16.71 
-.069 _.028 1.825 16.44 
-.113 -.033 1.598 19.36 
-.lW -.213 2.830 -2.99 
,051 .106 -.2W 20.98 
-.937 ... 
-.855" .996_ -.336 
_.201 
-.2W 2.465 -4.181 
,058 .088 .241 21.42 
-.850... 
-.772" • Wo... -.280 
-.361 -.595 4.149 10.55 
-.264 -.266 2.754 12.74 
-.114 -.130 2.534 17.35 
-.112 -.131 2.035 14.74 
-.118 -.119 1.847 11.63 
-.095 -.096 1.695 12.44 
-.229 -.435 2.098 -2.00 
.055 .236 .285 15.35 
-.937_ 
-.fJ76" • 99_ -.350 
-.220 -.321 2.232 -4.261 
.068 .174 .379 20.55 
-.883'" -.83_ .95 .... -.321 
.. significant at the 5:& level 
11M' significant at the 1% l(."'Vel 
INITIAL LOADING 
Tl T2 S 
All AI2 A21 A..!2 A33 
Xl0-6in. 2/1b 
1.~7 -.172 -.lW 3.710 
1.640 -.147 -.075 4.086 
1.345 -.160 -.W9 2.783 
1.095 -.068 -.095 2.768 
1.001 -.115 2.620 
.843 -.066 2.198 
'" 
1.481 -.147 -.194 2.409 ,~ 
-.006 .OW .082 .911 i 
.9~ -~1lO2. -.872. .87~ .... 
';! 
'M 
2.041 -.168 3.819 ~ 1.630 -.270 3.110 
1.430 -.W8 2.638 8 
1.247 -.113 2.519 fi .954 -.115 2.330 
.913 -.043 -.047 1.721 ti 
1.493 -.179 -.177 2.531 
.., 
-.011 .013 .031 .361 il 
.995" -.645 -.639 .985" .... '~ 
2.309 
-.215 -.203 4.212 fI .. 
1.662 -.lW -.311 3.295 
,I 1.462 -.151 -.128 2.746 1.244 -.125 -.065 2.239 
1,002 
-.W3 -.045 1.906 .. 
.918 -.120 -.100 1.662 0 
= 
1.563 -.207 
-.205 2.968 2 
-.104 .047 .059 -.231 
'" 
.999M -.951- -.673 .996_ 
.. '" 
1.513 -.186 -.201 2.535 
-.040 .028 .066 .451 
.995 .... -.79_ -.102. .89a... 
2.494 -.399 -.575 4.272 9.56 
1.660 -.338 -.267 2.812 13.68 
1.428 -.161 -.167 2.565 19.10 
1.250 -.210 -.171 2.050 14.46 
1.078 -.114 -.131 1.879 12.60 
.875 -.126 -.123 1.717 12.68 
1.337 -.251 -.395 2.189 -3.16 
.050 .041 .118 .234 17.03 
.99~ .911 • -.W~ .996 .... -.432 
1.419 -.226 -.301 2.251 
.027 .053 .139 .516 









TABLE 6.1 CONTINUED - Values of A?BpC and D in equation S "" (Ao +B)(1-e XY)D xy __ 
and -statistics for reW,'ession aQ'ainstg::radin~_cmodulus 
GRADING A B C D 
FASTENING ELEMENT MODULUS LABEL X106psi X106lb/ino lb/ino X106 




8 .952 .000286 6& 01 0 -0000830 .3671 ! 
1 12 1,,095 .000177 4.623 -.000988 • 3298 i 
-.001237 1 16 1.258 0000210 4.465 .3938 i 
20 1.469 .000276 4.464 ~.001046 .3425\ 
24 1.798 .000321 5.154- -0000856 ,,3346 [ 
M .0000879 -.848 -.000137 .0167 
Regression 
'C(X106 ) .0001405 6.100 -.000785 .3239 
statistics 
,,590 -,>474 -.286 .188 r 
3 " 722 .001090 7.451 =.001176 .4848 
7 .917 .000832 6.098 -.001453 .4880 
2 11 1,,054 ,,000793 6.443 -.001512 05482 
15 1.213 .000850 5.616 =.001115 .3890 
19 10425 .000887 5.705 -0001488 .4566 
23 1.681 .000827 4.072 -.000943 .3716 
Regression M -.000157 -2.976 .000248 -.1279 
statistics C(X10
6 ) .001062 9.375 ~0001 1 06058 
-.506 .. .366 -.672 r -.931 
2 .646 .001399 6.224 -0001121 .4059 
6 .878 .001153 7.301 =.001158 .4782 
3 .10 1.022 .001564 7.355 ~o001735 .5872 
14 10172 0002024 70557 =0002520 .6684 
18 1.371 .001658 ! 70630 ~.001466 05177 
22 10605 0001755 6.334 =0001946 05331 
Regression M .000536 " 213 --.000849 .1213 
statistics C(X10
6) .000994 6.830 -.000711 .3976 
0617 .117 -.552 " .460 r I , 






Figure 6.17 Sh01l1S that the type of fastening has a marked effect on 
the value of coefficient A. 
6.3.2 Bending and Torsion 
. --
6.3.2.1 Data Proctessing 
The strain bridge and dial gauge readings were processed by computer 
to produce the action and curvature values tabulated in table C.4Q The 
grand average curves of these values~ shown in figures 6.18 to 6020~ 
indicate the general behaviour observed. In the case of action M2~ the 
nailing density had little effect on the behaviour of these elements and 
therefore nailing patterns 1 t 2 and 3 have been averaged together. 
6 .. 3 .. 2.2 Correlation!!:l:1l. Grading, Modulus 
Values for terms B11 , B22 andB33 only in equation L:5.i7~ 
k B11 B12 B13 M1 x 
k B22 B23 M2 
12 L:5o:¥ =0· B21 .. • 0 • .. .. .. . • • .. y t 3 
k B31 B32 B33 H xy 
were calculated in a manner similar to the prototype elements. Only 
constants B11 , B22 and B33 were measured in the model tests. 
B21 and B23 were not measured because the narrow element did not permit it 
while B31 and B32 were not measured because the prototype tests indicated 
that these constants may be considered zero~ and because of difficulties of 
instrumentation on the small elements. 
For load cycle behaviour the values of B11~ B22 and B33 are shown 
plotted against the inverse of grading modulus in figure 6.22 while figure 
6.23 shows thei~ values for initial loading. These constants and their 
regression coefficients are tabulated in table 6.20 
TABLE 6.2 REGRESSION OF Bij CONSTANTS AGAINST lIE FOR MODEL EL EMENTS 
ESNDING ACTIOIf M, 
GllADlliG KODULUS 1111 
FASTBliING lABEL S l/B LOAD IIIlTIAL FAS'l'EII:ING IAlEL CYCLE 1£lIII)ING 
X106psi Xl 0-6in• 2/lb Xl0-6in. 2/lb 
3 .663 1.133 4.697 4.655 3A 
6A 1.055 .~ 2.~6 3.531 5a 
1 6a 1.169 .655 3.117 3.6Z7 1 8 11 1.331 .751 3.174 3.751 l1A 
14A 1.545 • &ttl 3.414 3.876 138 
168 1.748 .572 1.077 1.354 16 
Regression C(~10-6) 4.334 4.166 Re~sion Coeflicimts -.479 .093 Coefficients 
Correlation coef£. r .766 .743 Correlation coe££. 
2B .84$ 1.179 2.150 2.862 2 
5 1.013 .~8 2.506 3.043 5A 
2 SA 1.144 .674 1.717 2.240 2 7S 108 1.295 .772 1.755 2.16~ 10 
13 1.464 .683 1.809 2.1S0 13A 
16A 1.703 .583 1.755 2.233 15S 
Regression 
C(;10-6) 
.978 1.44$ Regt'essiClll 
Ooef£iciOllts 1.121 1.229 Coef'ficiets " 
Correlati<ll1 "od.'£. r • 668 .799 Correlation coe££ • 
2A .74. 1.341 1.496 1.648 III 
41) 
.992 1.008 1.304 1.506 4 
7 1.118 .695 .~8 1.128 7A 3 lOA 1.24$ .602 .962 1.112 3 9Il 
12B 1.419 .705 1.038 1.213 12 
15 1.538 .611 1.007 1.237 15A 
Regression II .744 .718 llegressicm. 
Coeffi"i""t.a C {Xl 0-6) .462 .683 Coeffici""ts 
CarrelatiOll1 coetf. r • 872<> .177 Correlati<ll1 coeff. 
1 + 2 + 3 If 1.201 1.206 1 + 2 + 3 
togetber C(Xl0-6) 1.023 1.398 togeth"'" 
Carrel.ation coef£. r .247 • 230 Correlation coef£ • 
I .545 1.835 1.731 1.776 1A 
4A. .952 1.051 .932 .94~ 3B 
6B 1.097 .912 .801 .818 6 Bail-l/luod 9 1.199 .834 .100 .714 9A 
12a. 1.377 .725 .668 .676 l1B 
141) 1.588 .630 .569 .573 14 
ltegressiao. II .975 1.008 Regression 
Coefficients C(Xl0-6) 
-.073 -.088 CO<l!fEicimts 
Co:-relation coef!!. II' • 9~ .99a- Correlation coef£_ 
All II .515 .506 All 
' to;:::""~t:r C(Xl0-5 ) 1.213 1.599 t~ 
) Cc:--:;;la:tiatl coe!£. II' .155 .119 Correlation co<:f£. 
J3El!I1I1iG ACTIOIf 112 
GRADING HODULUS 
E l/E 
































































































































TORSIONAL ACTION !1 
GRADING MWULUS 
F ASTElIIliG l.A!lEL E l/E 
Xl0·psi. ;1:1 0-6 in. 2/10 
4 .977 1.024 
·1 8 1.16~ .855 12 1.405 .712 
16 1.746 .573 
Regression 
C (;1 0-6 ) Coe££icien'ts 
Correlation coef£ • r 
3 .9'" 1.103 




Correlation coef£ • r 
2 .812 1.232 
3 5 1.078 .~27 10 1.Z78 .783 
14 1.579 .633 
Regression C(~10-5) Coef£icieat:$ 
Correlation coe££ • II' 
1 + 2 + 3 
C(;'0-5 ) together 
Correlation coet£ • r 
1 .658 1.;20 
N";'1-l/1ued 5 1.028 .973 ~ 1.215 .823 
13 1.489 .672 
Regr-essiOl1 
C(;10-6 ) Coef£icieD.ts 
Ca.rrel.a:tion cQ.eff .. r 
All II 
together C (11 0-6) 









































KEY Symbol Fastening Av~e. mo~ulus . 
N • 1 1·2 8 x10 psi 
'-D 90 + 2 1·244 " or 
x 3 ,.,93 If 
. /~I"I..u A nail-glued "126 " 80 
-c /. -.E I 
..0 60 
-....... 
50 / ~ 
z 40 
( ~x~ P4~." 3 0 I-U 30 « 
(!) 
z 20 ~ ~ --:::'l-+ ~.ter.l 
C ~ )( +-____ ~~ PAt-tern I Z 
UJ x~~.  ~. m 10 ~~~--'  .~ .. x • 
.. I)(~ . 
10 20 30 40 50 60 70 80 90 
CURVATURE kx ( xl0-4in-') 
FIG.S.1S. Grand average curvature-action curves for action M, on model elements. 
10~----~------~----~-------r------~----~------~------r-----~~ 
KEY Symbol Fastening Avge. m02ulus 
• 1+2+3 1·138 x 10 psi 
9 A nail-glued 1'126 II 
8 
-
7 Itl Ned f -glued 
c #~N';1.4 :.::: c I 6 ..c .......... 
5 
N 
~ ~ z 4 ~ 0 I-U 3 A· , « ) 
C> 
;?; 2 




10 20 30 60 70 80 90 
CURVATURE 
FIG.6.19. Grand average action -curvature curves for action M2. on model elements. 
KEY Symbol Fastening Avge. modulus 
• • 1 ',324 x10 psi A ~ Nc.iI-':lIi.u~4 
.::r 6 + 2 1·254 II 
\I) x 3 ',187 II ~ 
4 nail-glued ',097 II 
-
.S 
- 5 g .S I .JJ ...... 
4 
J: #/ z 0 3 I- #/ .. PoJ:~ .. n3 .. P.~ • .,"l u « -I 2 <.[ 
/// ~~'P."""I z 0 ~ / (/) 0:: ~  ... / /' 0 1 
I- ~. ~. o .~~~.~ 
I 2r 30 40 10 50 SO 70 
TWIST kxy ( x 10-""irf1) 





KEY Symbol Fastening Regr&Ssion line 
1 1 
.. 2 ------2 
l( 3 -----3 
1+2 .. 3 together 
Ii. nail-glued 
FIG.6.22. Plot of Bij terms against inverse of grading modulus 
for load cycle behaviour of model elements. 
not measured 
lIE (in'Jtb) 
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KEY Symbol Fastening 
1 










FIG. 623. Plot ot 8ij terms against inverse of grading modulus 
for initial loading of model elements. 
not measured 
1/E (in'/Ib) 




Similar tendencies to those for the prototype constants we~e shown 
by the model constants except that the correlation coefficients were 
slightly lower for the latter. For constant B11 the correlations for 
each type were highg especially for nail-gluing~ while collectively the 
correlations were very low. This shows that; B11 is significantly 
dependent on both the grading modulus and the type of fastening. 
Constant B22 showed correlations significant at the 1% level for 
both individual and collective regressions. Thus B22 is dependent only 
upon grading modulus. 
No significant correlations were found for constant B33u showing 
that B33 is not dependent upon grading modulus. 
6.4 COMPARISON OF MODEL VALUES~ !!!B0RY 
Values for A .. and B .. for prototype elements for a value of E of 
~J lJ 
1.077 X 106 psi were tabulated in table 5.7. For the model elements, 
this value of E gives the values in table 6.3. 
The values for A11 and A22 on load cycling are seen to be very 
close to the theoretical values. The Values for initial loading are 
slightly higher but are nevertheless very close to the theoretical 
values· also. 
The constants A12 are generally greater than the constants A21 " 
This trend is opposite to that expected for the nailed elements. Also 
the constants A12 are about twice the theoretical values. The reason for 
this is not irr~ediately apparent. The constants A21 are about on.e tenth 
the theoretical values for the nailed elementso This indicates that the 
resistance the nails offer to relative movement between the is not 
insignificant p as was assumed in deriving the theoretical values. 
168~ 
TABLE 6.3 Values of A. , and B .. for model elements '-lith a mean grading 
~J ~J 6 
modulus of 1.077 X 10 psi 
-6 2/ A .. X 10 in. lb - LOAD CYCLE 
~J 
.332 -.120 
· J [' 351 -.135 
19J 
.324 -.132 
. - [273 -.158 
13J -.085 2.641 • .230 2.496 -.092 2.421 • -.168 2.253 14.95 • 18" 20 • 
-6. 2/ A .. X.1 0 ~n. lb - INITIAL LOADING 1J . [369 -.129 
· ] r375 -.153 
.J 1.347 -.145 .:J [291 -.192 14J -.098 3.148 • .,133 2.711 -.131 2.525 .189 2.266 . • .. " 
· 
-
-6. 2/ A. . X 1 0 ~n. lb - THEORETICAL 
J.J [324 -.064 · ] [324 -.064 31J 
1.324 -.064 
15J 
flo 314 -.092 
11J -.591 2.442 • .591 2.442 -.591 2.442 t'~92 2.424 • . 632... " 




[53 ] [832 
7J 
3.545 
: J r29 • 14.12 13.67 13.83 10: 00 : 10.46 ...... . 19.94 • • 
X -6. 2; B. . 10 ~n. lb - INITIAL LOADING ~J [61 : J L'~73 ·1 [~50 · J ['848 8J 15.79 15.23 14.15 20:77 : 10.45 35. 0Q. • 29 0 41 
-6. 2/ B. . X 1 0 J.n. lb - THEORETICAL 
~J [42 :J r~42 : J [~2 57J [938 
-2.26 
11J 9.828 9.828 9.828 .264 9.788 57.68 • 57.6Q. • • 
.. Values refer to load cycling only 
•• A33 has no meaning for nailed elements 
The values of A33 for the nail-glued elements are higher than 
expected. The lack of edge-gluing between the boards in each layer is 
possibly responsible for this since it would cause regions of high local 
stress and hence produce a more flexible membrane than one with continuous 
layers 0 For the nailed elements on load cycling, the theoretical values 
of A33 are considerably in error. The friction between the layers is 
probably responsible andg although it is an uncertain quantity as assumedg 
it is not an insignificant oneo Also the nailed elements do not show an 
increase in stiffness with nailing density as WaS expected. 
The values for B11 and B22 for the nail-glued elements agree well 
wi th theory with little difference. between initial loading and load 
cycling values. The values obtained for B33 are lower than the 
theoretical values v indicating that the nail-glued elements are more 
rigid than expected. This contrasts with the A33 values which were 
higher than expected although the theoretical state of stress is one of 
pure shear in both caseso 
For the nailed elements p B11 values show a decrease with increasing 
nailing density as shown in figure 6.24. The trend is such that the 
value of B11 for nail-glued elements should be obtained from nailed 
elements with a nailing density about 50% greater than that in pattern 3. 
Considering the values of B11 for prototype elements as in figure 5.47, a 
similar trend found where the stiffness of the nail=glued elements 
should be equalled at a nailing density of 40 nails/sq ft. 
The B22 values for nailed elements are slightly influenced by 
nailing density and show about 10 to 15% decrease from initial loading to 
load cycling. . -6 . The~r values are close to 15.5 X 10 wh2ch may be 






























m c r 
.. 33440 94863 -9995 
LIJ + 28389 76417 -998 
x 2969 305 ·984 
A 1142 21423 ·998 
3 --- stiffness nail-glued elements 
10 20 30 40 50 60 70 
NAILING DENSITY 
FIG.6.24. Showing the effect of nailing density on stiffness of model nailed elements 
under actions M1 and H. 
perpendicular to the direction of its boards is ignoredc If the upper 
lqyer (which is in compression) were also ignored a value of 25 X 10-6 
would be calculated. 
In figure 6.24 the values obtained for B33 for nailed elements show 
a similar trend to the B11 values in that the stiffnesses of the nail-
glued elements should be equalled at a nailing density 1.5 times that of 
pattern 3 for load cycling and at 307 times for initial loadingo On the 
other hand the theoretical values are approached at zero nailing density. 
This shows that the theoretical derivation of B33, which assumes no 
contribution from the nails, substantially correct. 
6.5 COMPARISON ~MODEL AND PROTOTYPE 
To compare the elastic constants of the model and prototype 
elements p the values in table 6.3 have been divided by the corresponding 
values in table 5.7 and are tabulated in table 6.4. 
172. 
TABLE 6.4 Ratios between A .. and B .. constants of model and prototype elements l.J l.J 
at a grading modulus of 1.077 X 106 psi 
TYPE OF FASTENING 












Ratios of A. . - INITIAL LOADING l.J 
t.060 1.870 0.377 1.036 . • ] [.051 • .157 . 







Ratios of B •. - INITIAL LOADING l.J 
1.010 
o.J 0.917 
. ] t· 992 1.083 
. 
J [.809 1.~2§. : 














l t·998 1.673 . 
J [&970 0.~2§. : 
. l r· 946 









The agreement between the values of A11 and of A22 is close, with 
the model values ranging from 6% above to 8% below the prototype values. 
The model values of A12 and A21 are considerably higher than the 
prototype values. This is probably due to a difference between the 
model and prototype compression rigs in that in the model rig the loaded 
edges could move laterally, because the alignment segments rolled on 
steel balls, whereas in the prototype rig the loaded edges were probably 
restrained because the rubber strip insertion was too stiff or too thin 
and the alignment segments could not slide laterallyo 
The model values of A33 are from 6 to 43% below the prototype 
values. The greatest difference occurs with type 1 fastening where the 
model value appears to be in error since the model values should show a 
decrease with increasing nailing density similar to the prototype values. 
The 15 to 20% greater relative stiffness of the model nailed joints on initial 
loading could account for the greater stiffness of the model nailed 
elements in shear although the "elastic stiffness" values g e, of the 
model and prototype joints were almost identical. The quantity of glue 
in the model nail-glued elements was 50% greater than required for strict 
model similitude. The extra glue may have squeezed between the boards 
to provide some edge bonding which is likely to have a significant effect 
on their shear stiffness. On the other hand the model boards were not 
tongue-and grooved and therefore there should be less shear transfer by 
friction between adjacent boards in each layer in the model elements. 
If the extra glue in the model elements is responsible for their greater 
stiffness then it is likely that the greater relative stiffness of the model 
nailed joints is responsible for the greater relative stiffness of the 
model nailed elements. Otherwise the discrepancy is unexplained. 
Considering the initial loading of the model and prototype nailed 
elements in shear, values of At B, C and D relative to a ~'ading modulus 
of 1.077 X 106 psi are tabulated in table 6.5. 
174. 
TABLE 6.5 Comparison of values of A~ B~ C and D for model and 
. 6 prototype elements at a grading modulus of 1.077 X 10 psi 
FASTENING A ~ 8 C I D l I 
1 .002095 I 22.36 -.001259 .4834 
Prototype 2 .003213 26.06 -.001196 .4906 
3 .006139 37.14 -QOO2224 06996 
I 
1 .0002352 ! 5 .. 187 -.000933 .3419 
Model 2 .0008929 6.170 -.001304 .4681 
3 .0015713 7.059 -.001625 .5282 
Scale factors 5 5 1 1 
Model values 1 .001176 25.93 -.000933 .3419 
scaled 2 .004465 30.85 -.001304 .4681 
3 ,,007856 35.30 -0001625 .5282 
Co D 
When substituted into the. equation S = (A~y + 8)(1 - e xy) these 
coefficients define the curves shown in figure 6.25. In this figure 
the model and prototype elements are seen to give dissimilar stress -
strain curves, differing, in the case of fastening type 1 by up to 30% 
in stress values at low values of strain. 
For type 2 fastening, the model curve lies above the prototype 
curv~ by 24 to 28% while for type 3 fastening the model and prototype 
curves agree reasonably well up to about 2000 micros train. 
The model values of 811 are £rom 15 to 37% less than the prototype 
for nailed elements while the difference is only 3 to 5% for the nail-
glued elements. The marked dependence of 811 on nailing density as shown 
in figure 6.24 suggests that the greater relative stiffness of the model 
joints on initial loading is responsible and that the "elastic sti££ness" 
....... 3 

























0 ....... ....... 
.... 
/ 1 
,/ u ,/ 
- -1 






- -- model 
1 2 3 type of fastening 
1000 2000 3000 4000 5000 6000 7000 
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"xy microstrain 
FIG.6.25. Comparison of curves given by coetficents in table 6.5. 
values of the joints bear no relationship to the load cycle behaviour of 
the elements under action M1" 
The agreement between the values for B22 for the nailed elements is 
good whereas the model glued elements are about 26% stiffer than the 
prototype. It appears that the extra glUe in the"model elements caused 
an outer layer to carry tension perpendicular to the board direction 
because the observed values of B22 are close to the theoretical value. 
Thus it seems necessary to maintain model similitude to the extent of 
mOdelling the weight of glue spread. 
Considering the nailed elements in torsion, the model values of B~3 
are up to 40% above the prototype on load cycling and up to 33% below the 
prototype values on initial loading. The effect of hailing density is 
seen in figures 5.47 and 6.24 to be different also in that the model 
elements show a greater increase in stiffness than do the prototype 
elements with an increase in nailing density. There does not appear 
to be an Obvious reason for the different behaviours of the nailed 
elements except that, in the case of initial loading, the greater 
stiffness of the model elements is of the same order as the greater 
stiffness of the model nailed, jointso 
The model values of B33 for nail-glued elements are 17 to 20% 
below those for the prototype elements. It is possible that the same 
effect of the extra glue is present in torsion as it appears to be in 
the elements under act~~n M20 
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CHAPI'ER SEVEN 
MODEL TIMBER SHELLS 
Two model cylindrical timber shells, one n~iled and the other nail-
glued, were made and tested. Their behaviour is compared \vith that 
predicted by Tottenham Vs(34) design method and with the behaviour of the 
model elements. 
7.1 LITERATURE SURVEY 
The only experimental work which appears to have been done on timber 
shells is that discussed in section 1.2. In these works the prime 
concern has been with deflections rather than stresses in the shells. 
This is justified by Keresztesy t s(8) work where he finds that for 
hyperbolic paraboloids the largest bending stresses are usually about 10 
to 20% of permissable stresses. Also pestman(3) loaded an h.p. shell to 
250 lb/sq ft before failure occurred~ With an expected working load of 
20 to 40 lb/sq ft this represents an adequate factor of safety. The 
experimenters were probably deterred from measuring strains or 
calculating stresses from those strains which were measured because "of 
the variability of the properties of timber and the rapid changes of 
strain that can accompany changes of humidity of the surrounding 
atmos phere" ~ Tottenham (5) • 
As regards shell analysis~ many papers have been published in 
recent years on both the experimental and theoretical behaviour of 
isotropic shells. Many of the:;analyses could, no doubt, be modified to 
analyse orthotropic shells since they usually employ orthogonal sets of 
axes. However, three papers have dealt specifically with the analysis 
of orthotropic shells. Ambartsumyan(26) used a general analytical 
approach in considering laminar shells of positive curvature and any 
arrangement of laminae. The orthotropic cylindrical shell is considered 
as a particular case, but, as in a similar study by Shipley and 
Sherrer (33). edge supports are required which give mathematically 
desirable edge conditions such as zero moment and zero displacement 
normal to the membrane. Such edge members are rarely practical as they 
need to be excessively deep and narrow. 
Tottenham(34) has published a design method for orthotropic 
cylindrical shells which is a modification of his earlier work(35) on 
isotropic cylindrical shells. The analysis includes a simplification 
known as the Shorer approximation which assumes that the only 
significant strains are those of longitudinal extension and transverse 
bending. He warns however, that the method should not be used for 
shells.which have no boards running at an angle to the longitudinal 
direction other than in the circumferential direction. This is because 
of the large shear deformation likely in such shells. This is 
particularly true for nailed membranes as shown by the shear action -
shear strain behaviour of elements in figures 5.38 and 6014. However. 
for a nailed cylindrical shell with boards running in a diagonal 
direction as well as longitudinally and transversely, it is possible 
that shear deformations, caused by slip between the layers could still 
be too great to be ignored. 
702 ANALYSIS 1!..MODEL SHELLS , 
Considering the values obt,ained for A33 for nail-glued elements in 
tables 5.7 and 6.3, these values represent shear moduli which are from 
I'!:\ 
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60 to 80% of the values expected for plywood. If these shear modulus 
values imply shear deformation which are sufficiently small to be 
ignored, then Tottenham's analysis may be used for nail-glued shells 
whose boards run only in. the longitudinal and transverse directions. 
Considering the similarity in values of A33 for nailed and nail-
glued elements under load cycling, the analysis should also be suitable 
for nailed shells under load cycling9 
Figure 7.1 and table 7.1 give the dimensions and properties of the 
model shells constructed as described in the following section. The 
A .. and B .. values are obtained by substituting the respective values 
~J ~J 
for the mean grading modulus of the membrane into the regression 
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FIG.7.1 Dimensions of model shells . 
FIG.7.2 Testing edge beams in centre-point bending. 
TABLE 7 .1 Properties of components of model shells 
Fastening pf membrane 
Mean grading modulus of 
boards in membrane 
Moisture content at test 
Mean M.o.E in compro// to 
grain of edge beams 
A. . terms - load cycle 
~J 
Bij terms - load cycle 
SHELL 1 
0.03 Ib sq ft/glueline 
urea formaldehyde glue 
+ model nails in 
pattern 2 










t"193 -.174 Aij terms - initial loading -.160 2.105 . . 
[
" 7:74 
Bij terms - initial loading _ 10.60 
SHELL 2 
Model nails in 
pattern 2 With glue at 
edges 
10.8% 







12 .. 53 
r- -
Not considered due 
to non-linear nature 
of shear action -
shear strain curve 
on initial loading 
of nailed elements 
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Equivalent longitudinal and transverse thicknesses of the membrane 
are derived from equations Ll.17 for the purposes of analysis. 
Et, = t/A22 ~ 
) 
Et;;12 :::; t 3/12 B11 ) 
where E = grading modulus of membrane 
t, ::: equivalent longitudinal thickness 
t2 ::: equivalent transverse thikcness 
t :::: actual thickness (0.5 in.) 
To allow for the differing moduli of the membrane and edge beams 
in each shell, the section properties A and I of the edge beams were 
multiplied by the ratio E~ where Ee is the modulus of elasticity in 
compression parallel to the grain of the edge beams. 
Tottenhamts method assumes uniformly distributed vertical load 
whereas the models were tested under uniformly distributed radial 
load. The following alterations were made to various expressions 
in Tottenham's method to analyse the radial load case~ 
Reactions at the edge of the membrane 
vm ::: gR sin;6 cos ;6 became Vm ::: gR sin ;6, 
dSm 
- = 2g sin;6 d:.>t 
If 
" 
Displacements at the edge of the membrane 
~~ = 4g(a cos 2 ;6 + 4 + 2/a)/ d 
became = 4ga cos
2 
;6 / d, 
bm ,- M2g cos ;6 / dR c 
are those used by Tottenham,(34), became = 0, where the symbols 
otherwise the expressions remained the same. The calculated vertical 
deflections of the edge beams at midspan are compared with the observed 
deflections in table 7.2. 
TABLE 7.2. Calculated and observed edge beam deflections at mid-
span caused by 20 lb/s·q ft radial load 
SHELL 1 SHELL 2 
LOAD INITIAL LOAD 
CYCLE LOAD CYCLE 
(in. ) (in. ) (in. ) 
Calculated assuming vertical load (a) .0256 .0257 .0250 
" 
II radial II (b) .0267 .0279 .0300 ! 
Observed deflections (c) .0458 .0510 I .0682 I I I I , 
Ratio (c): (b) I 
i 
1 .72: 1 1 • 83 ~ 1 I 2.28: 1 
, 
The calculated deflections assuming radial load are also 
compared with the experimental results in figure 7.12. 
Tottenham's analysis does not enable the deflections of the 
membrane to be calculated directly. 
7.3 EXPERIMENTAL INVESTIGATION ., 
7.3.1 Construction of Models 
. ........,-
A sufficient quantity of model boards were sawn from the prototype 
as described in section 2.3. These were made up into 100 inch and 56 
inch lengths, joining where necessary by means of 45 0 scarf joints and 
epoxy adhesive. Their grading modulus was measured at 2 ft intervals 
as described in section 2.3. The preparation o£ the boards as well as 
the construction and testing of the shells was carried out in a room 
controlled to mean atmospheric conditions of 680 F and 61% r.h. which 
gave an equilibrium moisture content of 10. 8%Q 
Glue laminated edge beams were made to the dimensions shown in 
figure 7.1 by a local manufacturer. These were conditioned in the 
testing room for two vleeks then tested under centre point bending as 
shown in figure 7.2 in order to estimate their modulus of elasticity 
as tabulated in table 7.10 
Steel formworkwas already available and was set up on the 
reaction frame shown in figure 7.10. This formwork was a * inch 
-
thick steel plate rolled tban outside radius of 49.75 in. with 
stiffening diaphragms welded on the underside. A t in. thick sheet of 
expanded polystyrene was fastened to the formwork to receive the 
points of the model nails. End diaphragms were cut from 0.7 in. thick 
plywood and placed, with the edge beams, around the formwork. The 
diaphragms were fastened to the edge beams with epoxy resin adhesive 
and screws. 
Figures 7.3 and 7.4 show the construction of the nail-glued shell 
during the placement of the middle and top layers respectively. 
Various devices were developed to hold the boards in place and to apply 
a cramping fOrce of 4 lb/in., the same as in the model elements. Each 
board in the middle and top layers of the nail-glued shell was spread 
with a measured quantity of glue and nailed in place. The rate of glue 
spread was 0.03 lb/sq ft/glueline, same as in the model elements. In 
the nailed shell however, all the boards were positioned, cramped and 
the nailing pattern drawn before the nails were driven. Also, in the 
nailed-shell,? glue was spread between the edge members and the membrane 
and within the membrane directly over those edge members. 
F IG.7.4 Nail-glued shell 
during placement of 
top layer of boards . 
FIG.73 . Nail - glued shell 
during placement of 
middle [oyer of boards . 
186. 
\vhen complete the projecting board ends were trimmed and the shell 
lifted off the formworko 
7.3.2 Testing 
The formwork was removed from the frame and load cells set up at 
each corner, with two cells at one end on rollers to allow movement 
longitudinally. Steel bearing plates were fixed to each corner and 
the shell placed on the load cells and their heights adjusted to give 
equal reactions. An 8 X 4 ft X 6 in. air bag was placed on the shell 
and a reaction platform erected over that. Figure 7.5 shows the over-
all arrangement with the load cells connected to a strain bridge 
through a switch box and a water manometer connected to the air bag and 
regulator valves. 
Deflections were measured with dial gauges. These were mounted 
on a frame attached to the reaction frame as shown in figure 7.6. 
Byelets were screwed into the membrane and connected to dial gauges by 
threads. Smooth pieces of aluminium were glued to the edge members 
and dial gauges bore directly against these. 
It was assumed that the air bag applied a uniformly distributed 
radial load to the shell. As shown in figure 7.7, the loading was 
increased to 20 lb/sq ft, decreased to zero and then increased until 
the shells showed some obvious sign of failure. This load of 
20 lb/sq ft was assumed to be the design dead plus live load for this 
type of roof. At each load level all the dial gauges were read and 
the re-read in reverse sequence to give a check and to overcome some of 
the effects of creep on the readings. 
The nailed shell reached a load of 75 lb/sq ft at which the 
membrane had flattened at midspan as shown in figure 7.8. Also some 
FIG.75. Overall arrangement of apparatus for testing model shells . 
FIG.76 Showing dial gauges set up for measuring shell 
deflections . 
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FIG.7.7 Load - time schedules followed in testing shell roofs . 
FIG.7.8 . Flattened midspan portion of nailed shell at 75 lbs/sq.f t. 
load viewed from underneath. 
boards in the top layer had broken above the midspan point of the edge 
beam shov/l'! in fi gure 7.8. 
The nail-glued shell reached a load of 160 lb/sq ft at. which the 
membrane separated from the edge beam and diaphragm at the corner shown 
in figure 709. On unloading, the glued shell showed no obvious 
residual deflection while the nailed shell was visibly deformed as shown 
in figure 7.10. 
7.4 RESULTS 
The load - deflection data from the tests on the two shells is 
given in table D01 in the appendix. Figures 7.11 and 7.12 show the 
deflections of the centre of the shells and of the edge beams at mid-
span plotted against the radial loado Figures 7013 and 7.14 show the 
deflection contours at 20 lb/sq ft load and also near failure load for 
the two shells. 
DISCUSSION 
A . 
The primary impressions gained from figure 7.12 are that the 
calculated deflections are about half the observed deflections and that 
the load-deflection curves are of similar shape to the shear-action-
shear strain curves given in figures 5.38 and 6.14 for the elements. 
This suggests that Tottenham's analysis is unsuitable for shells with 
this type of membrane because (as he warns) of the large shear 
deformations likely. 
To investigate this point more closely, a flexibility coefficient 
f was calculated for the load cycle behaviour by means of equation Lr.37o 
190. 
FIG.7.9. Failure of nail-glued shell at 160 lb/sq.ft. between 
membrane and edge members at one corner. 
FIG.7.10 . Showing deformed shape of nailed sheU after removal 
of air bag, dial gauges and reac tion platform. 
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hor ally mounted 
where &:::; deElection in inches 
P = applied pressure in lb/sq Et 
and 1, 2, 3 refer to the beginning, minimum and end points oE 
the load cycle. 
This Elexibili ty coeEficient is compared with the major A .. and 
l.J 
B .. values and the moduli values oE the membranes and beams in 
l.J 
table 7.3 
TABLE 7.3 Comparison oE the behaviour oE the shells and the 
elements under load cycling 
SHELL 1 SHELL 2 RATIO 
E observed at centre in./lb/sq ft .00309 000532 1:1.72 
" " " 
edge II .00229 000341 1 : 1 c 49 
Di£Eerence {centre-edge) II .00080 .00191 1 :2.39 
E calculated at edge 
" 
.00134 .00150 1:1.12 
Modulus E oE membrane X 106, . pS1. 1.170 10.157 1 .01 : 1 
" 
II " edge beams " 1.785 1.570 1 .14: 1 
A11 X 10-
6 
sq in./lb 1.179 1.261 1:1.07 
A22 " 2.078 2.350 1:1.13 
A33 " 13.64 19.42 1: 1 042 
B11 " 0.760 10966 1:2.59 
B22 " 10.13 12.53 1:1.24 
B33 " 7.45 15.77 1:2.12 , j 
Considering the data in table 7.3 it is seen that the calculated edge 
de.Plections are in the ratio 1:1.12 which agrees closely with the ratio 
1:1.13 between the A22 values and the ratio 1.14:1 between the edge beam 
mOdl"lli • Thus it appears that the different transverse flexibilities~ 
as given by the B11 values, do not gnificantly influence the analysis 
for edge deflection. Howeverg considering the deflections at the shell 
centres relative to the edges, the ratio of 1:2.39 agrees well with the 
ratio of 1:2.59 between the B11 values • Hence it appears that the 
. " ..... ' ~ 
bending deformation of the membrane is governed largely by the transverse 
stiffness, as assumed in Tottenham's analysis. The observed edge 
deflections are in the ratio 1:1.49 which is greater than the calculated 
edge deflection ratio of 1; 1.12 and is intermediate between the ratios of 
1:1.13 and 1:2.59 for A22 and B11 respectively. This means that either 
the analysis underestimates the effect of B11 on the edge deflections or 
that another effect such as shear deformation is significant but is 
ignored by the analysis. This latter point is supported by the fact that 
the A33 values are in the ratio 1:1.42 which close to 1:1.49 although 
this ratio can be obtained by a suitable combination of the ratios 1:1Q13 
and 2.59 for A22 and B11 respectively and a ratio of 1:1.49 is probably 
peculiar to shells of the particular dimension, type and construction as 
tested in this study. 
Considering the initial load - deflection behaviour of the shell 
edges, the relative behaviour of the two shells is similar to the relative 
behaviours of the nail-glued and nailed elements under actions M1 or H as 
shown in figures 6.18 and 6.20 as well as under action S as mentioned 
earlier. Mathematical comparison of the behaviours is difficult because 
of the non-linear behaviour of the nailed shell and nailed elementso 
However, table 7.4 shows the ratios between the shell deflections at 
several load levels as compared with the A .. and B .. values for initial 
~J ~J 
loading. 
TABLE 7.4 Comparison of t11.e behaviour of the shells and the elements 
under initial loading 
SHELL EDGE DEFLECTION AT LOAD OF: 
10 . 20 30 40 lb/sq ft 
Shell 1 in. .0238 .0510 .0810 .1068 
Shell 2 
" 
.0500 .1458 .2633 .3870 
Ratio 1:2.10 1:2.86 1:3.25 1:3.62 
SHELL CENTRE DEFLECTION AT LOAD OF: 
10 20 30 40 lb/sq ft 
Shell 1 in. .0305 .0640 .0974 .1347 
Shell 2 
" 
.. 0760 .2405 .4817 .7797 
Ratio 1: 2.49 1 : 3.76 1 :4.95 1:5.79 
CENTRE DEFLECTION-EDGE DEFLECTION 
10 20 30 40 lb/sq ft 
Shell 1 in. .0067 .0130 .0164 .0279 
Shell 2 
" 
.0260 .0947 .2184 .3927 
Ratio 1 : 3. 88 1 :7.28 1:13.321:14.08 
--
ELASTIC CONSTANTS· OF ELKNENTS 
Al1 A22 B1l B22 B33 
Shell 1 X -6 10 sq in.jlb 1.193 2.105 0.774 10.61 8.36 
Shell 2 
" 
1.279 2.549 2.481 13.84 28042 
Ratio 1:1.07 1 : 1 • 21 1 : 3. 21 1: 10 30 1: 3.40 
SHEAR STRAIN AT SHEAR ACTIONS OF: 
3.6 7.2 10.8 14.4 lb/in. 
Shell 1 microstrain 40 120 210 305 
Shell 2 
" 300 1950 5600 11000 
Ratio 1:7.5 1 : 1 6. 2 1 : 26.7 1: 36. 0 
The four particular values of shear action S chosen in table 7.4 
are the mean values existing in the membrane at load levels of lOp 201 309 
and 40 lb/sq ft respectively, according to TottenhamVs analysis modified 
for radial load. 
Table 7.4. shows that the ratios of the shell edge and centre 
.,. 
deflections at an estimated design load of 20 lb/sq ft correspond most 
closely to the ratios of the B11 and B33 values. Considering the 
relative behaviours of the nailed and nail-glued elements at various 
levels of shear action, and the relative behaviours of the shells at 
various load levels, similar trends are seen but the correspondence 
not very conclusive. If different levels of shear action corresponding 
to the various load levels are considered however p the shell edge 
deflection ratios would correspopd to shear strain ratios at about one 
eighth of the mean shear action levels; the shell centre deflection 
ratios would correspond to the shear strain ratios at about i the mean 
shear action levels; and the sh~ll centre-edge deflection ratios would 
correspond to the shear strain ratios at about i the mean shear action 
levels. 
The differences between the shell centre and shell edge deflections 
are included in tables 7.3 and 7.4 because of work by Barron(6) whop in 
comparing his 1/15th scale glued balsawood model conoid with Boothos(4) 
~ scale redwood model conoid, found that their behaviours corresponded 
well if the deflections of the edge members and the deflections of the 
membranes were considered separately. The edge members of the conoids, 
were glued laminated bowstring trusses and small timber beams served as 
representative elements. The membranes were built up from boards and 
panels. which, in Booth's study, measured 7 ft by 4 ft, served as 
representative elements~ A scale factor derived from flexural tests on 
the small wooden beams corresponded well at design load with the 
200~ 
observed relative deflections of the edge members of the two conoids. 
In considering the membrane, the difference between the deflections of 
the membrane and of th~ edge members was calculated for each conoid. 
The deflections of the membranes, thus calculated, corresponded well 
with the deflections of the built up panels when these were tested in 
flexure. 
If similar relationships existed between the two shells tested in 
this study then the ratio of 2.39 in table 7.2 would correspond to the 
ratio of 2.59 between the B11 values and the ratio of 1.49 between the 
edge deflections would correspond to the ratio of 1.14 between the E 
values of the edge beams. There is perhaps some degree of 
correspondence here but the discrepancies between the respective ratios 
are of the order of, 8% to 23%. For initial loading a similar 
relationship does not appear to exist. Considering the different 
structural actions of the conoid and cylindrical shells, in that in 
the conoid membrane the bending stresses will be higher relative to the 
membrane stresses than will be the case in the cylindrical shell membrane, 
then it is hardly likely that the relationships that Barron found should 
apply to the shells tested in this study_ 
It ap~ears that the relative behaviours of the nail-glued and 
nailed shells correspond best to the relative behaviours of the nail-
glued and na~led elements tested in shear when suitable comparative 




The objective of this study was to investigate the effects the 
201. 
type of fastening and scaling had on the properties of a timber shell 
membrane. This included the effect of the type of fastening on the 
behaviour of model cylindrical shells. The programme of work as set 
out in section 1.3 was not followed exactly in that the index parameter 
(grading mOdulus) was first determined and then used to select material 
for the subsequent work. Conclusions drawn from the various aspects 
of the work are: 
8.1 GRADING MODULUS 
The large inherent variability of "timber was demonstrated by the 
determination of this property. A skewed frequency distribution of all 
grading modulus measurements was obtained but? when measurements on 
material containing visible defects were excluded, a nearly symmetrical 
distribution was obtained. The effect of defects in prototype boards is 
simply allowed for by using this property as an index parameter. 
8.2 PROPERTIES OF RADIATA PINE 
- -
Highly significant correlations with grading modulus were obtained 
for all the 2 em standard clear specimen properties determined except the 
proportional limit stress in compression parallel to the grain. The 
correlation with maximum shear stress parallel to the grain was also 
somewhat low but still significant at the 1% level of probability. 
These highly significant correlations together with the large range in 
grading modulus values means that material representative of that from 
2020 
most sources may be selected from material from a single source. 
Material used was low in density and stiffness but was otherwise 
comparable ",ith radiata pine from other sources. 
8.3 FASTENING PROPERTIE§ 
The load-slip behaviour of the nailed joints was difficult to 
characterise and little correlation with grading modulus was found. 
In view of the large number of nails normally used in a nailed structure 
such as a shell, it is probably sufficient to use the mean load-slip 
curve of the nailed joints in calculating or comparing the performance of 
a nailed structure. The expression fitted to the load-slip data for 
the purpose of characterisatibh contained four arbitrary constants. 
Better correlations between the arbitrary constants and grading modulus 
may have been obtained if an expression with fewer arbitrary constants 
had been 1,.l.sed. 
Scale effects are likely to preclude achieving model similitude in 
nailed joints which are geometrically similar to the prototype joints. 
The sear.ch for model similitude must be based on some chosen property of 
the joint. If this property is the load-slip behaviour then attention 
should be confined to comparatively small slips. 
8.4 PROTOTYPE SHELL .ELEMENTS 
Strain measurements on the surface of boarded elements must be 
corrected for the effects of slip between adjacent boards in each layer: 
this may be done simply by measuring the displacements between points 
lying on the centrelines of boards. 
The elastic constants A11 and A22 for the type of membrane studied 
may be calculated accurately from plywood theory regardless of the type of 
203· 
the type of fastening. For nail-glued membranes all the A .. and B .. Constants l.J l.J 
may be satisfactorily calculated from plywood theory except for A33 and 
B22 in which the membrane was approximately 50% more flexible than 
expected. 
Nailed membranes of the type studied can be made as stiff as nail-
glued elements if sufficient nails are used, except when the elements are 
loaded in shear or torsion. In the case of shear, the nailed membrane 
requires layers of boards running at angles other than 900 to gain 
equivalent stiffness and in the case of torsion the nailing density 
required would be impracticable. 
The need remains for a suitable theory to calculate the behaviour 
in shear of nailed elements of the type studied since the theory 
developed was found to be inadequate. However it is unlikely that 
nailed membranes of this type would be used to resist shear because of 
their low inherent stiffness except under very low stresses when it 
appears that friction carries the major portion of the load. Also the 
theory developed to calculate the behaviour of nailed elements in torsion 
gave only a lower bound answer, apparently correct where no stress 
transfer occurs between the layers of boards. Their actual behaviour 
was intermediate between that calculated and the upper bound behaviour 
as calculated from the plywood theory. 
8.5 MODEL SHELL ELEMENTS 
Reasonably accurate modelling of the properties of the prototype 
elements is obtained provided the properties of the timber and the 
fastening are accurately simulated. For nail-glued elements it appears 
to be necessary to maintain similitude even to the weight of glue 
spread per unit area. 
That no scale effects are apparent in the modelling of the timber 
itself is indicated by the excellent agreement between the A11 values 
for the prototype and model elements. It possible that scale 
effects: are present in the properties of the elements but are allowed 
for by being present in the grading modulus also. 
8.6 MODEL ==,;;;,. 
The calculated deflections of the model shells were about one half 
of those observed. It is possible that shear deformations were 
responsible for the greater observed deflections. 
The relative behaviours of the two shells under load cycling were 
very similar to the relative behaviours of the nail-glued and nailed 
elements under load cycling in shear. For initial loading~ however, 
the relative behaviour of the two shells was not typified by the 
relative behaviour of the elements under any of the various types of 
stress except that, under shear stress, if suitable levels of load on 
the shells and shear stress on the elements were chosen for comparison 
of behaviour v then the relative behaviour of the shells was typified by 
the relative behaviour of the elements in shear. 
8.7 SUGGESTIONS FOR FURTHER WORK 
~- --
The experimental techniques developed in this study should be suitable 
for studying elements with other arrangements of boardso It appears 
that experimental methods will be required to determine accurately the 
properties of nailed shell elements, particularly as the nailed fastening 
shows non-linear behaviour: the nailed elements in particular appear 
difficult to analyseo 
It should be possible to develop a computer program to analyse 
1 ' 
• I 
shell structures, which takes into account all the shell element 
properties and not just constants A22 and B11 as does Tottenhamis analysis. 
With such a program, and the properties of elements with different 
board arrangements were found, then it would be possible to determine the 
most suitable type of membrane for the different types of shell and to 
determine the limiting dimensions for shells with nailed membraneso 
Scale models of nailed membranes much smaller than those in this 
study are not practicable because of the difficulty of driving small 
fasteners. It may be possible to overcome this by using a flexible 
adhesive to simulate the properties of nailed fasteningso This would 
enable the study of mechanically fastened timber shells by means of 
smaller, and therefore cheaper, models. 
This study investigated the effects ef the type ef fastening and ef 
scaling en the: properties1:fasnel1 membrane by using tests en shell 
elements. The study was extended to. include the effect the type ef 
fastening had en the deflectiens ef medel cylindrical shells. 
The shell membrane studied was a three-layer type made ef 
ex 4 X 1 in. T & G radiata pine beards, the centre layer running at 
right angles to. the euter layers. The grading medulus (which was the 
stiffness of the beards measured under central peint leading ever a 
3 ft span) was used as an index parameter in the succeeding werk. 
Standard clear specimens 2 X 2 cm cress sectien were selected and tested 
in static bending, cempressien perpendicular and parallel to. the grain 
and in shear parallel to. the grain. The several preperties had highly 
significant cerrelatiens with grading medulus. 
Tests were made en nail-glued and en nailed jeints to. characterise 
the preperties ef fasteners. The expressien 
P == (At; + B)(1 _ eCCO )D 
was fitted to. the lead-slip data ef the nailed jeints where 
P is the lead 
(3 is the slip 
and A, D, C and 0 are arbitrary censtants feund to. give a least 
squares best fit. Little cerrelatien was feund between the grading 
medulUs and these arbitrary censtants. Medel jeints to. 1/5 scale were 
tested and their behaviour studied as fer protetype jeints. 
Pretetype and 1/5 scale model elements ef the shell membrane were 
built and tested in cempressien, shear, bending and tersien. Strains 
were observed in the compression and shear tests and curvature in the 
bending and torsion tests. Agreement between model and prototype 
element behaviour was generally good. Where reasonably linear 
behaviour was found, elastic constants were calculatedo The 
behaviour of the nailed elements in shear was non-linear, similar 
to the load-slip behaviour of the nailed joints. The expression 
cO' 
S = (A1$' + B)(1 - e xyl 
xy 
was fitted to their shear action-shear strain data 
where S is the shear action 
the shear strain 
xy 
and At B, C and D are arbitrary constants. 
The type of fastening has little influence on the behaviour of the 
elements in either compression or in bending in the direction of the 
centre layer. In these cases the correlation with grading modulus was 
highly significant. Their behaviour in shear was highly dependent on 
the type of fastening, but showed little correlation with grading 
mOdulus. Their behaviour in torsion and bending in the direction of the 
outer layers showed some correlation with both type of fastening and the 
grading modulus. 
Two 1/5 scale model cylindrical shells with nail-glued and nailed 
membranes respectively, were made and tested under uniform radial load. 
Their deflections were about twice those calculated by an analysis which 
assumed that the only significant strains were those of longitudinal 
extension (in the direction of the centre layer) and of transverse bending 
(in the direction of the outer layers). The effect of the type of 
! I ;' 
fastening on the relative behaviour of the two shells compared most 
closely with the effect on the relative behaviour of the nail-glued 
208 .. 
and nailed elements in shear. This suggests the error in the calculated 
deflections was due to shear deformations which the analysis ignored 
and that the relative performance of the nail-glued and nailed timber 
cylindrical shells may be typified by the relative performance of 
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APPENDIX 
TABLE Al LOAD- DEFORMATION DATA FROM PROTOTYPE NAILED JOINTS 
0.49'1 266. 399.. 5;32~ 399. 133~ 266~ 399. 532. 665.. 798. 931~ 1064. 1914. 
0.019.5 0.0260 O.oy.., 0 .. 0340 0.0<89 0.0303 0.0330 O.o}61 0..,0457 0.0619 0.0849 0.1130 O.sooo 
14,. 282. 422. 56}. 282. llt1. 282. 422. 563. ?04. 845_ 9B6~ 1126. 1581. 
0.0051 0.0087 O.Ollt9 0.0253 0.0<40 0.0216 0.0225 0.02.45 0.0273 o~Qil.26 0.0'788 O.1}44 0 .. 1974 O.sooo 
0.61)0 141. 424. 565. 4.24. 282. 14,. 282. 424. 565. 847. 988. l1}O 1738. 
0.0099 0.0242 0.:;)351 o.o}46 0.0330 0.(}307 0.0316 0 .. 0335 0 .. 0307 0.0810 O.13}O 0.1880 0.5000 
0.697 0.0119 142. 2.84. 426. 563.. 426.. 284. ,42.. 284. 426. ,568. 710. 852. 994. 1136. 1527. 
0.0168 0.02)2 0.0304 0 .. 0'+23 0.0426 0.0410 O.o}80 0.0389 0 .. 0412 0.0446 0.0617 0.09.50 0.1557 0.2170 0 .. 5000 
0.785 ,46.. 292. 438. 584. 438. 146. 292. 584. 730. 1022:. 1168. 1452. 
0.02Z0 0.0276 0.0354 0.0477 0.0469 0.0408 0.0419 O.04W 0.0717 0.2.067 o.z860 0 .. 5000 
146~ 292. 4,8. 584. 438. 292~ 11t6. 292~ 438. 584. 7>0. 876. 1022. 1168. 1340. 
0 .. 0114 0.017' 0~0Z59 0 .. 041' 0~0404 0.0385 0.0342 0.0362 0.0390 o.~ 0.0683 0.0870 0.1090 0.2D40 0.5000 
147. 29.5. 442. 442. 295. ,1t7. 295. lt42. 589. m.. 884. 103'. 1178. 1612. 
0 .. 0071 0.01),2 0 .. 0210 0.0313 0.0286 0.02:47 0 .. 0270 0.0301 0*0}41 0 .. 0467 0.0740 0.1124 0.1642 0 .. 5000 
1"+8.. 296. 444. .592. 1#1-. 296. 148. 296. 444. 592. 741.. 839. 1042. 118S. '355. 
0.0061 0.0114 0.022Z 0.0464 o.o44a 0 .. 0428 0 .. 0380 0.0397 0.0428 0.0491 0 .. 1015 0.1765 0 .. 2510 O .. }4S0 0.5000 
0.846 0.0130 149. 44'1. 596. 447. 298. 149. 298. 447. 596. 745.. 893. 1042. 1191. 1430. 
0.0168 0.0298 0 .. 0428 0 .. 0426 0.0409 0.0}70 0.0}84 0.0409 0 .. 0451 0.0542 O~ 1100 0.1685 0.2430 0.5000 
0.872 ~ - - ~ - - ~ -- - ~. -. ~ ~ 0.0135 0.0202 0.0290 0.0433 0.0424 O,.ottoo o.o}4o 0.0;569 O.c405 0.0454 0.1075 0.1715 0..,241$5 0 .. 5000
0 .. 0055 150. 3C(). 450.. 600. 450. ,00. 150.. 3C(). 450. 600.. 750. 901. 1051. 1201. 1757. 
0.00'70 0.0099 0.0139 0*0203 0 .. 0196 0.0183 0.0167 0.0177 0 .. 0190 0.0211 0.0309 0.0519 0.0918 0.1573 0.500 
150. JOO,. 450. 450. 300. 150~ 300. 450~ ?SO. 901. 1051~ 1201. 1,}48. 
0~0066 Ow01l? 0.020& 0.0368 0.0¥t2 0.0298 0.0,18 0.0351 0.0702 0.1500 0.2303 0."90 0.5000 
0 .. 881 0 .. 0060 151. 301. 452~ 602. 301. 151. 301. 452. 602. 753. 903. 1054. 1204. 1830. 
0.0077 0.0109 0.0166 0.0247 0.0221 0.0190 0.0204 0.0226 0.0260 0.0366 0.0587 0.0910 0.1}20 0.5000 
0 .. 0028 151. )01. 452~ 602. 452. 301~ 151. )01. 452. 602. 753. 903. 1054. 1.204~ 1.3&l. 
0.0064 0.0112. 0.0227 0.0432 0.0420 0.0394 0 .. 0.}47 0.0371 0.0403 0.0457 0.0842 0.1636 0.2502 0 .. 3632 0.5C(lO 
0.881 0 .. 0100 151. :,;01. 602. 452. 301. 151. 452~ 602. 753. 903. 1051t. 1~. 1455~ 
0.0139 0.0190 0.0418 0.0408 0.0384 0.0:;44 0.0391 0.0440 0.0675 0.1180 0.1858 0...2668 0.5OCO 
0 .. ooa8 304. 456. 608. 456. ;.o!+. 4;6. 608. 761. 913. ,065. 1452. 
0.0089 0.0169 OwO~ 0.0314 0.0296 0.0291 0.0342 0.06it8 0.1250 0.,870 0 .. 5000 
0 .. 0038 152. 304. 456. 608. 456.. 304. 15'2. 1t56~ 608. 761. 913. ,065.. 1217. 1715. 
0.01'.>69 0.01oe 0 .. 0167 0.0271 0.0264 0.0245 0.0214 0.0251 0.0288 0.0429 0.0763 0.1235 0.1730 0.5000 
0.00'16 153. 307. 460. 613. 460. '07. 460. 613. 767. 920.. 1073. 1226. 15.55. 
0.0103 0~0148 0.0219 0.0329 0.0),21 0.0:,;04 0.0310 0,.0347 0.0518 0.0880 0.1405 0.2035 0.5000 
0 .. 0081 153. 30? 460. 613. 460. 3C7. 460. 61'. 767. 920. 1013. 1226. tY+o. 
0.0142 0.0224 0 .. 0348 0.0602 9.0596 0.0564 0.0574 0.0644 0 .. 1145 0.1840 0.2735 0.3935 0.5000 
0.0090 155. }10. 46,5~ 620. 465.. 310. 155. 310. 465. 620. 775. 929. ,084. 1239. 1550. 
O~013B 0.0194 0.0275 O.o}89 0.0}80 0~0358 0.03O? 0.0329 0.0361 0~0400 0.0592 0.0982 0.1540 0 .. 2155 0.0500 
156. '12 468. 624. 468. 312. 156. 312. 624~ 751. 937. 1093. 1249. 14'1' 
0.009:5 0.0200 0~0364 0.0617 0.0606 0 .. 0573 0~0502 0.0533 0.-0547 0 .. 1005 0 .. ,695 0..2}90 0.3}40 0.500 
1.0:17 0.0045 315. 1;73. 631. 473. 315. 158. 315. 473. 631. 7&9. 946~ 1104. 1262. 1710. 
0 .. 012, 0.0180 0.0266 0.0257 0 .. 02!}6 0.0202 0.0218 0.02" 0 .. 0279 0.0412: 0.0685 Q .. ,235 0.1765 0.5000 
1.046 0 .. 0065 158. 316~ 474. 632. 474~ 3'6. 158. 316. 474. 632. 791.. 949. 1107. 1265. 1'(20. 
0.01ZJ 0.019} 0.0265 0.0;.60 0.0}49 0.0;<28 0.029<: 0.0)09 0.03Y+ 0 .. 03"" 0.05~ 0.08,s 0.1312 0.1912 0.5O(X) 
1 .. 064 '59. 318. 477. 636. 477~ 318. '59. 318. 477. 636- 795. 953. 1112:. 127'~ 1860. 
0.0088 o.m34 0.0198 0.0277 0.026e 0.0250 0~0219 0.0232: 0.02!55 0.0290 0.0390 0.0587 0 .. 0973 0.1525 0.5(XX:l 
0,0050 159. }19. 6Y7. 478. 319. 159. 319. 478. 637. 797. 956. '115. 1274. 1647. 
0.0092 0.01;8 0.0),25 0.,0;;18 0.0302 o.~ 0.:l277 0.o}03 0.0.343 O.OsQ 0.1185 0 .. 19'"5 0.2625 0 .. 5<XKl 
,.03'1 1.58. ,15. 473. 631. 473. 31.5. 158. 315. 473. 631. 789.. 946" 1104. 1262. 1455. 
0.0076 0.0138 0.0236 0.0446 0.01;41 0.0419 0.0')69 0.0.;85 0.Ql.22 0.0477 0.0838 0~147' 0.2168 0.315$ 0·5000 
TABLE Al CONTINUED 
Sarles I? Load p(lrp~. partl., p>:trp .. to grate of the three memberll 
Loild (lb) nnd deio:t'1llat:!.an (in~) at each inCl'OlIWnt 
1.046 O~OO15 ,58. 316~ 4-74-~ 6;2. 474_ 3,6. 158. 316. 474 • 791. 949. 1,07. 1265· '907. 
0.0052- 0.0102 O~O16-; 0.023{; 0.0230 0.0216 0.0180 0.01-:11 0.0216 C.0333 0.0.500 O.oOSO 0.1315 0·500,') 
1.064 0.0 159· 318. '77. 636. 477. 312. 159. 477. 636. 795. 953. 1271. ,680. 
0.0033 o~oo78 a.Oilt2 0 .. 0221 0.0212 0 .. 01 98 0 .. 0,6£ 0.0201 0.0233 0.0333 0.0,520 0.1265 O~5000 
1.072 0.0010 159. 319. 478. 63? 478. 319. 159. /;.78. 637. 797· 956. 1115. 1274. 
0.0087 0.0127 0.0290 0.01.,2 0.0404 0.0383 0.0331 0.0390 0.0428 0.05.50 0.0780 0.1220 0.1790 
1.081 0.0046 160. :m~ 639. 479. 319. 160~ 319. 479. 639. 799. 958. 11,8. 1278. l5:58. 
0 .. 0102 0.0177 0.0451 0.0442 0.0422 0.0374 0.0394 0.0424- 0.04"11 0.0675 0.1190 0.1950 0.2930 0.5000 
1.031 0~OOS3 160. 3'<0. 479. 340. ,60. 340. 479. 639. 95B. 1118. 1676. 
0.0112 0.0160 0.0219 0.0301 0 .. 0266 0.0278 0.0302 0,,0340 0.0755 0.1200 0.= 
1.166 O~0'10 160. 319~ 479. 319. 160. 319· '79. 639. 799. 958. '~18. 1278. 1596. 
0.0148 0.0200 0.0250 0.0320 0.0284 0,0301 0.0328 0.0367 0.049", O.O?,?O 0.1200 0.1820 OSXlO 
1.081 0.0185 3~9. ~79. 160. 319. 479. 639. 799· 958. 1118. 1278. 1,581. 
0.0380 0.0516 0.0.564 0.0579 0.0608 0.0650 0.on6 0.1157 o~ 1735 0.2400 0.5000 
1.203 0.0085 165. 496. 331. 496. 662. 82'1. 1158. 1.;45. 1915. 
C.0117 0.0298 0.0202 0.0281 0.0316 0.0420 0 .. 0975 0.1ita) 0.5000 
1.264 C.O 1613. 05. 336. 168. 336. 505. 673. 81r1. 1009. 1177. 1}L!6 •. 1588. 
c.ooBo 0.0418 0.0397 0.0350 0.0361 0.0391 0.0431 0.0603 0.1065 0 .. 1785 0.3750 0.5000 
1.290 0,0094 169. 339. 508. 678. 50S 339. 169. 339. 678. 847. 11B6. 1.355. 
0.0140 0.0191 0.0247 0·0310 0.0308 0.0298 0 .. 0271 0.0250 0.0316 0.0383 0.0730 c.108c 
1.299 0.0085 170. 340. 509. 340. 170 509. 679. 849. 1019. 1189. 135S. 18-42. 
0.0137 0.0211 0 .. 0287 0.0356 0.0311 0.0351 0.0387 0 .. 04~ 0.07:35 0",1080 0 .. 1540 0·5000 
1.316 0~Goa3 341. 512. 682. 512. .;41. 171. 341. 512~ 682. 853. 1024~ 1194. 1365. 
0.0191 0.0258 0.0351 O.O}ll.2 0.0321 0#0.281 0.0297 0.0326 0.0364 0 .. 01;.85 0.0?40 0.1~40 0.1590 
1·.325 0.0010 1'71. 32. 684. 513. 342. 171. 342. 513~ 684. 855. 1026. 1197. 1366. 1856_ 
0.0070 0.0138 0.0321 0.0319 0.0299 0.02;>4- 0.0269 0.0298 0.0339 0,,0468 0.0?1B 0.'140 0.1700 0.5000 
1.360 0.0045 173. 345. 518. 6~O. 5 18. 345. 173· >'5. 690. 863. 10,%. 1208. 1381. 2025. 
0.0112 0.0187 0.0274 C.D4D4 0.0401 0.0382 0.0346 0.0360 0.0420 'J .. 0.55C 0.0793 0.1120 0.1.54C G.5000 
1.3ti9 0.\X)63 173. >'6. 519. 346. 17:;. N. 519. 692. 865. 1211. 1364. 1930. 
0.0092 0.0137 0.0192 0.0249 0.= 0.0235 0.0256 0,,0286 0 .. 0374 0.0837 0.1275 0.5:::00 
1.369 0.0065 173. 346. 519. 692. 519" 3lt.6. 173. 346. 692. 865. 1038. 12]1. 1364. 
0 .. 0114 0.0168 0 .. 02;;g 0.0355 0.0349 0 .. 0331 0.0289 0.0299 0.0361:) 0.0552 0.0950 0.1520 0.22'5 
1.286 0.0075 174. y,o. 521- 695. 521. 348. 174. N. 521. 695 869. 1217. 1390. 1942. 
0.0107 0.0158 O.O2}O O .. OY.O 0.0332 0,,0317 0.0282 0.0292 0.0313 0.0353 0.0492 0 .. t205 O.1&jC 0.5000 
1 .. ~12 0.0130 1'15. 350. 525. 'IOC. 525. 350. 1'75· 350. 525. 700. 875. 1°5°. 1400. 1733· 
0.0162 0.0206 0.0267 0.0366 0.03.57 0 .. 0340 0.0]102 0.0314 0.0.;40 0.0376 0.0510 0.0790 0.1880 0.:;000 
1.430 0 .. t:Xl65 176. 35>. 527. 703. 527. 352. 176. '52. 527. 703. 879. 1005. 1231. 1406. 15S5. 
0 .. 0115 0~Q180 0 .. 0.269 0.040" 0.0,794 0 .. O}69 0.0320 0.0332 0.0369 0.0417 o.o6ZD 0.1055 0 .. 1580 0.2400 0.5000 
1.531< 0,,0063 ,8,. 361. ,542. 723. ,542. 361- ,81. ,542. 723· 904. 1084. 1446. 1702. 
0 .. 0096 0.0147 0.0226 0.0360 0.03;51 0.0329 0.0279 0.05}O 0.0376 0.0567 0.1010 0.2350 0.= 
1.6}9 O.(Xl7Cl: 186. 371. 557. 770. 371. 186. 371. 557. 770. 928. 111}. 12<)9. 1484. 16<15. 
0,,0124 0.0201 0.0314 0.0;>4-7 0 .. 0506 0.0449 0.046$ 0.0508 0 .. 0572 0.0800 0.1325 0_2050 0.}110 0.5000 
1..656 0.0120 186. 373. 559. 745. 373. 186. m. 559. 7lt.5. 9)2. 1118. 1~. 1490~ 167.2. 
0.0170 O.024} O .. 03lt.2 0.0500 0.0465 0 .. 041} 0.0429 0.0470 0.0521 0.0738 0.1240 0.1890 0.:»;0 0.= 
1.7.35 0.0148 190. 570. 380. 190. 380. 570. 760. 950. 1140. 1330. 1520. 1872. 
-::>.0205 0.o}68 0 .. 0474 0.0428 0.0439 0.0468 0.0510 0.068S 0.0980 0.1470 0.2140 0.5000 
1.778 0.0050 768. 'l6O. ",52: .. ,'''. 1536. 1877; 
0.03.50 0.0516 o .. o8}O 0.1030 0.1870 0.5000 
1.839 0.0038 779. 974. 1169. 1}64. 1558. 2O<!'J. 
0.0284 o.~3 0.0700 0.1155 0.1665 0.5000 
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0 .. 0062 
147. 
0 .. 0131 
148. 
0 .. 0079 
149. 
0 .. 0120 
150. 
0.0088 
TABLE At CONTINUED 
Series II~ l:..oad parlli pGrp., parll. to grain of the tr.rae members 



















0 .. 0070 
1.081 0.0043 




1 .. 299 0.0068 








0.0095 0 .. 0161 
168. 









TABLE Al CONTINUED 
Series II, Load parll, pftrp.t paIll .. to grain of tile thr?e members 




0.1190 0.3010 0.5000 
380. 1520. 1687. 
0.0441 O~3010 0.5000 
576. 1536. 
0.0342 0.2550 
390. 584. ,,69. 2102. 
0.0231 0.0253 0.0615 0.5000 
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TABLE A2 PROTOTVPE NAIL-GLUED JOINT DATA 
WAD ACTING PERF •• PARLL •• PERl'. 'lO GRAIN Of THE 1'IIREE HEKBERS 
T4 1.128 5100 2}9.9 11.5 
2 850 }Ii.4 10.6 
} 1570 68.5 11.4 
10}5 4}.8 11.1 
5 865 }7.0 12.5 
20}5 87.6 12.} 
}}55 15}.1 10.9 
2760 118.4 12.7 
9 3895 167.2 12.7 
10 2940 126.4 12.0 
11 }240 138.2 1}.0 
12 1460 62.0 1}.0 
T8 0.914 }}90 191.2 10.9 
795 }}.4 11.4 
2085 89.9 12.0 
}lil0 154.7 11.6 
5 1980 84.} 12.0 
6 775 }}.5 11.9 
7 4805 212.5 10.7 
8 1150 46.4 12.0 
9 2045 85.9 12.7 
10 2955 124.9 11.9 
11 2420 105.2 11.7 
12 2405 10}.0 11.7 
T12 0.759 1 4115 194.7 10.8 
2 1555 66.0 12.} 
} 1}20 56.0 11.9 
4 2760 117.8 12.0 
}415 144.} 11.5 
6 2}}5 99.7 12.1 
6800 }27.4 10.5 
8 1580 67.4 12.} 
9 2400 101.8 12.0 
10 2}70 101.6 11.8 
11 4820 20}.6 11.8 
12 }690 156.8 12.0 
T16 0.585 1, 4160 195.7 10.7 
960 41.1 10.7 
} }}70 147.1 10.5 
4 1270 53.8 9.9 
5 2}}O 99.7 10.5 
6 1660 71.5 10.5 
6<l9O 281.2 11.0 
8 1565 67.1 11.1 
9 2455 105.4 10.7 
10 2760 118.7 10.6 
11 2800 122.2 10.6 
12 1210 51.4 
Averagt) 0.8465 93.47 (Il<oludlng Nos 1 & 7) 11.} 



























TABLE A2 CONTINUED -LOAD-DEFORMATION DATA OF PROTOTYPE 
Joint deformation (in.) as observed between testing machine platens at a load (lb) of: 
200 400 600 800 600 400 200 400 600 Boo 1000 1200 1400 1600 
.01}2 .0193 .0236 .0270 .0257 .0230 .0182 .0219 .0253 .0277 
.0115 .0173 .0209 .0252 .0248 .0215 .0175 .0201 .0228 .0248 .0278 .0314 .0355 
.0085 .0130 .0166 .0196 .0182 .0162 .0131 .0153 .0176 .0200 .0249 
1800 2000 
.0095 .0126 .0150 .0171 .0164 .0150 .0127 .0143 .0159 .0173 .0189 .0207 .0224 .0244 .0263 .0284 
.0066 .0096 .0119 .0136 .0129 .0114 .0086 .0103 .0123 .0138 .0154 .0172 .0187 .0203 .0218 .0237 
.0124 .0159 .0182 .0203 .0195 .0181 .0158 .0172 .0190 .0203 .0220 .0238 .0255 .0275 .0302 .0335 
.0113 .0153 .0180 .0202 .0193 .0175 .0145 .0169 .0187 .0203 .0221 .0242 .0261 .0284 .0319 
.0077 .0166 .0148 .0175 .0161 .0148 .0120 .0138 .0157 .0176 .0198 .0220 .0242 .0264 .0291 .0324 
.0102 .0140 .0168 .0191 .0177 .0163 .0130 .0154 .0175 .0193 .0213 .0231 .0247 ,0267 .0288 .0315 
.0075 .0115 .0150 .0183 .0173 .0151 .0109 .0137 .0164 .0189 .0230 .0266 
.0055 .0089 .0116 .0138 .0130 .0111 .0086 .0104 .0123 .0140 .0157 .0173 .0188 .0202 .0216 .0229 
.0078 .0118 .0151 .0177 .0175 .0160 .0127 .0144 .0164 .0180 .0200 .0219 .0237 .0256 .0278 .0314 
.0089 .0129 .0160 .0181 .0171 .0153 .0125 .0147 .0167 .0182 .0199 .0217 .0235 .0250 .0266 .0280 
.0147 .0204 .0240 .0267 .0258 .0239 .0202 .0230 .0251 .0270 .0282 .0303 .0327 .0345 .0362 .0379 
.0138 .0176 .0204 .0228 .0221 .0203 .0173 .0194 .0213 .0230 .0249 .0268 .0288 .0310 .0342 .0368 
.0089 .0131 .0160 .0184 .0174 .0158 .0131 .0149 .0168 ,0185 .0203 .0225 .0245 .0267 .0291 .0314 






















TABLE A3 LOAD - DEFORMATION 
GRADING I'llTIAL 
MODULUS SLIP 
C.1f' 0.2? O.3P 0.4P 0.3;> 
O.OP 
0.3750 -9 0 15 31 49 45 
0.4350 -4 
" 
(, 13 21 20 
0.5250 -7 6 4 13 26 23 
0.5550 -6 0 7 18 28 26 
0.5650 -4 0 8 18 31 30 
0.6250 -7 0 B 17 27 24 
0.63DO -4 0 6 15 28 27 
0.6800 -2 0 7 19 47 44 
0.6900 -7 0 11 26 44 42 
0.7150 -4 0 6 17 30 28 
0.7500 -7 0 9 23 37 35 
0.7800 -20 0 25 51 92 88 
0.7850 -11 0 17 35 55 45 
0.8350 -5 0 6 17 29 26 
0.8350 -7 0 9 22 39 39 
0.8800 -5 0 7 16 27 26 
0.9250 -6 0 7 18 33 28 
0.9350 -4 IJ 6 14 21 20 
0.%50 -4 a 6 13 25 25 
0.9850 -11 0 13 27 44 44 
0.99>;0 
-2 0 5 17 46 42 
1.0400 -6 0 7 15 28 26 
1.0450 -3 a 4 11 20 21 
1.1150 -5 0 6 17 2. 27 
1.1500 -2 0 3 10 15 13 
1.1950 -9 0 11 30 48 40 
1.2450 -8 0 14 27 44 39 
1.2650 -7 0 8 17 31 30 
1.3350 -17 0 22 46 74 72 
1.3800 -6 ~ 8 18 32 27 
1.4400 -9 0 7 14 25 21 
1.4950 -2 0 2 6 15 14 
1.5450 -3 0 6 16 27 27 
1.6COO -5 0 7 14 23 21 
1.6400 -4 a 8 16 25 25 
1.6850 -11 0 13 29 45 44 
1.7350 -2 a 
" 
16 3'; 34 
1.7650 -12 0 13 29 47 44 
1.8100 -3 I) 5 12 17 16 
1.9450 -7 a 10 22 37 34 
AVERAGE MODUL US AND SLIP VALUES 
1.0724 -6 0 20 34 32 
DATA FROM MODEL NAILED JOINTS 
SE'HES 1 LOAD PERP.,PARLL.,PERP.TD GRAIN OF THE TH~EE MEMBERS 
SLIP! .0001 J AT 6.5L~ INTERVALS. P EQUALS ~5L8S 
0.2P D.1P 0.2P 0.3P 0.4P D.SP a.6P 0.7P O.SP C.9P 1.0P l.lP 1.2P 
38 27 32 41 50 68 96 139 210 322 487 779 
17 11 13 17 22 33 52 98 192 3~G 615 1015 
16 11 12 18 27 47 82 170 347 659 
22 14 17 23 28 41 55 73 98 132 175 225 284 
14 11 22 23 32 45 65 95 171 29~ 501 
19 13 16 23 26 39 57 96 184 3Cl 46C 1114 
26 25 25 26 29 53 106 2G6 320 477 717 12 C7 
37 28 32 40 51 133 302 4BO 744 
34 24 28 36 44 63 93 137 214 3010 422 584 670 
21 11 15 23 31 60 150 720 
29 21 24 31 39 54 80 14D 262 470 126J 
74 54 59 76 96 256 5~3 856 13S3 
34 18 28 41 55 80 104 139 189 2e9 459 754 
16 6 14 22 30 51 84 157 277 409 539 813 
38 35 34 35 42 79 195 4n 933 
23 17 18 21 28 48 82 139 27C 427 596 837 
19 5 13 23 31 47 74 134 313 875 
15 9 11 16 23 36 51 eo 130 228 413 837 
21 13 15 19 24 41 66 1C4 170 259 394 688 
43 39 38 43 51 74 164 392 934 
37 30 30 37 48 105 239 413 686 923 1218 
18 8 13 19 28 48 98 197 304 4(;7 569 856 
20 16 16 18 25 38 67 140 26C 42C 634 979 
17 5 8 17 27 43 68 126 268 517 987 
10 3 9 11 14 24 46 108 210 470 
30 16 28 38 50 76 124 212 327 452 629 897 
31 20 27 35 45 58 89 155 275 4e7 855 
24 15 17 24 31 45 67 115 22C 374 544 802 
65 48 49 58 73 100 139 219 3103 525 684 926 
18 8 15 21 28 47 66 94 139 2C7 314 457 702 
12 2 8 16 26 38 50 69 9C 128 168 286 425 
12 8 9 13 16 29 56 104 176 275 384 544 754 
23 11 14 20 28 45 74 117 187 21::8 443 733 971 
18 13 15 18 U 35 56 97 167 251.: 406 627 887 
19 12 16 19 27 3'l 59 84 169 294 458 768 1135 
41 33 3"0 42 48 64 103 271 425 623 
28 23 2, 29 36 69 154 296 425 588 761 1046 
36 24 30 39 50 66 96 155 246 412 "97 1243 
13 8 12 14 17 27 39 60 101 176 266 389 580 
27 18 23 31 39 53 72 99 137 lS9 28C 373 537 
26 17 21 27 36 59 106 199 
1.3P 1.4P l.5P 










TABLE A3 CONTINUED 
SERIES 2 LOAO PARLL.,PERP.,PARLL.TO GRAIN OF THE THREE ~EMeERS 
GRAOING I~ IT IAL SLIP (.0001 I AT 6.5LS INTERVALS. P EQUALS 65L6S 
MODULUS SLIP O.lP O.2P O.3P O.4P 0.3P 0.2P O.lP O.2P O.3P O.4P 0.5P 0.6P 0.7P O. ep 0.9P l.OP l.lP 1.2P 1.3P 1.4P 1.5P 
O.OP 
0.3770 -1 0 2 7 18 16 11 4 7 11 18 43 129 399 686 1044 
0.4270 -8 0 11 27 46 40 30 18 23 33 48 71 116 189 336 560 866 
0.4530 -7 0 q 18 29 25 19 8 12 20 30 48 78 141 28a 512 848 
0.5170 -2 a 4 11 23 20 11 3 9 16 24 58 158 358 676 973 
0.5670 -1 0 4 12 34 33 27 22 23 28 38 81 175 349 566 896 
0.5770 -7 0 12 29 51 50 44 36 40 45 53 100 285 675 1 C27 
0.6200 -7 0 q 25 45 40 31 17 22 34 46 70 115 236 480 ne 961 12C9 
0.6330 -3 0 5 19 32 31 23 15 18 24 33 53 101 175 276 393 507 642 807 98a 
0.6730 -9 a 13 34 77 75 67 59 62 70 87 247 548 808 lIe5 
0.6730 -7 0 8 17 32 28 20 9 13 22 33 63 163 412 713 1149 
0.7130 -5 0 8 20 43 41 36 22 27 34 46 81 180 445 870 
0.7270 -2 0 4 14 29 28 21 12 17 21 29 45 81 155 355 747 
0.7570 -9 0 15 36 65 61 47 32 41 54 70 105 174 315 527 17e 1076 
0.7930 -3 0 4 22 60 52 35 21 31 47 68 174 442 904 
O.SCOO -5 0 12 30 68 61 41 18 31 53 77 149 313 574 879 1129 
0.8300 -6 0 e 20 40 40 36 30 28 33 41 82 175 358 593 1190 
0.8400 -4 0 7 19 34 33 30 22 24 29 34 65 175 476 g93 
0.8770 -6 0 9 20 37 37 32 26 30 32 39 68 150 330 ~10 9C7 
0.8870 -6 0 10 25 46 41 37 26 31 39 48 82 200 5ll 799 1135 
0.9170 -4 0 6 13 22 20 13 1 7 16 28 49 91 189 367 584 
0.9230 -3 0 5 12 28 33 27 21 25 32 40 78 203 512 gn 
0.9530 -3 0 5 12 25 23 18 11 15 19 2C 48 96 194 384 642 
0.9930 -7 0 13 30 53 44 33 14 23 36 55 9~ 199 336 497 716 1146 
1.0030 -2 a 6 18 34 31 29 24 25 29 34 73 151 330 ~3E: ace lll0 
1.0330 -5 Q 9 24 45 44 38 28 32 38 48 79 139 260 618 
1.0330 -6 ~ 10 27 53 50 40 21 27 40 59 122 321 907 
1.1070 -13 0 17 36 60 54 44 26 32 45 64 85 117 169 242 390 596 945 
1.1830 -10 0 14 33 55 53 46 38 42 51 6e 91 143 235 377 612 
1.2300 -13 0 17 37 64 56 43 26 38 52 70 ll9 285 527 799 916 ll97 
1.2770 -6 0 9 26 48 46 39 26 30 39 52 96 240 518 1077 
1.3330 -4 0 6 18 36 35 30 22 26 32 39 71 137 351 786 
1.4430 
-1 0 2 9 20 19 17 11 13 17 24 40 85 199 428 81;8 
1.487C -9 0 12 35 68 66 56 37 45 58 71 ll3 189 377 711 
1.5230 -5 0 5 11 22 20 16 9 10 13 24 34 60 106 186 294 428 623 928 
1.5700 -1 0 2 9 20 20 19 13 12 16 21 41 82 159 338 730 1200 
1.6330 -4 0 5 14 25 23 18 14 16 22 27 42 59 91 151 248 438 8CI 
1.6700 -9 0 10 23 37 37 34 22 25 32 40 63 113 220 494 1134 
1.7230 -6 0 8 18 31 28 21 10 14 22 33 50 75 106 155 236 530 748 
1.7630 -4 0 7 16 29 25 20 12 14 22 30 49 83 140 272 4ea 
1.8200 -4 0 6 14 30 28 23 15 19 24 31 55 104 199 361 649 
AVER4GE MODULUS A~D SUP V4LUES 
1.0089 -5 0 8 20 40 37 30 20 24 32 43 79 168 348 
AVER~GE FO~ BOTH SER IE S 








GRADI'IG 'ELASTIC GRADING ELASTIC" 
MODULUS S TI FF,.ESS" FITTED COEFF[C [EflTS MODULUS STIFFNESS FITTED COEFFICIENTS 
E e. A B C 0 E e A B C 0 
LB/SQ['I L81I'I lOll I N L~ I N-' LB/SQ[N LB/IN LBIIN LB I N-' 
0.4969 6~333. lJ96.6 953.9 -23.25 0.7696 0.3750 8666.7 20~. 7 55.19 -87.7 0.B650 
0.6713 89787. 1671.6 768.9 -39.67 0.7236 0.4350 18571.4 236.4 49016 -200.1 0.71 B7 
0.6800 81538. 2055.1 741.7 -36.95 0.9223 0.5250 12580.6 256.9 41.67 -183.0 0.5388 
0.6974 7B165. 1542.0 800.0 -32.70 0.9345 0.5550 13928.6 206.5 78.50 -BIoi 0.7866 
0.7846 55443. 1511.0 734.4 -40.05 0.8190 0.5650 9512.2 193.2 53.98 -133.2 0.7355 
0.7846 S8013. 632.1 1063.6 -15.75 0.6939 0.6250 14444.4 225.6 52.53 -178.9 0.9587 
0.BI08 51395. 1376.1 985.0 -22.36 0.8275 0.6300 55714.2 313.2 41.35 -156.9 0.5660 
0.8282 45538. 1610.8 591.3 -53.61 0.7884 0.6800 9285.7 255.2 32.34 -142.6 0.3651 
0.9456 64316. 1377.9 E3E.7 -27 .96 0.6996 0.6900 9750.0 316.0 51.32 -99.8 0.7637 
0.8718 43478. 1727.8 769.9 -37.39 0.9[26 0.7150 10000.0 60.6 40.95 -169.8 0.6011 
O. R71S 112500. 1810.6 910.9 -54.67 0.8079 0.7500 11470.6 149.3 50.30 -135.3 0.8493 
0.9718 50000. 1323.8 732.R -35.94 0.7121 0.7800 4875.0 205.4 28.20 -167.7 1.1770 
0.8B05 71024. 1762.3 997.1 -27.50 0.6030 0.7850 5270.3 269.9 51.39 -106.9 0.9967 
0.8805 46256. 1401.8 693.5 -27.94 0.5145 0.8350 8297.9 343.7 43.19 -174.7 0.6B80 
0.8805 53059. 15~7.5 762.2 -37.58 0.7543 0.8350 35454.4 170.8 29.84 -188.0 0.6424 
0.9154 60ROO. 1591.5 742.3 -37.90 0.6291 0.8800 18571.4 331.6 43.55 -189.0 0.7165 
0.9154 69618. 1764.6 896.7 -38.56 1.1793 0.9250 7222.2 94.8 49.87 -145.0 0.7676 
0.9415 73016. 1350.7 939.9 -27.61 0.7176 0.9350 15000.0 182.5 56.25 -159.4 0.7412 
0.9415 39016. 1358.3 691.8 -25.85 0.7641 0.9650 16956.5 246.3 53.55 -132.2 0.6711 
0.9764 53143. 1466.7 919.9 -26.28 0.7418 0.9850 22941.2 147.5 39.14 -186.6 1.0648 
1.0026 36000. 1375.6 766.5 -19.14 0.7867 0.9950 11470.6 269.6 32.31 -172.6 0.3685 
1.0374 51135. 1621.8 720.2 -37.67 0.8645 1.0400 9750.0 379.9 40.17 -198.4 0.7399 
1.0374 670n. 1725.7 885.4 -56.06 1.0276 1.0450 30000.0 292.2 44.85 -182.6 0.5729 
1.0462 63624. 1813.0 898.7 -40.90 1.2096 1.1150 8478.3 195.0 54.10 -145.2 0.7519 
1.0636 739:'3. 1793.9 997.3 -40.53 1.0098 1.1500 16956.5 118.5 52.55 -119.0 0.4367 
1.0723 70294. 2360.6 681.9 -80.09 1.1954 1.1950 5909.1 339.4 41.97 -118.6 0.7930 
1.0810 44976. 1584.7 725.4 -37.63 1.0710 1.2450 7959.2 209.4 47.43 -144.0 0.9425 
1.0910 74264. 1358.7 1006.1 -35.94 0.8580 1.2650 12187.5 278.6 4B.24 -173.7 0.B870 
1.0810 38016. 1565.7 720.1 -33.85 0.7683 1.3350 764701 406.3 36.00 -148.2 1.2804 
1.1856 56994. 1723. '1 867.9 -19.39 0.5478 1.3800 8863.6 311.5 56.01 -122.8 0.7874 
1.2031 6902R. 2236.3 916.7 -4B.05 1.0107 ' 1.4400 8297.9 303.3 62.94 -159.9 1.0308 
1.2641 31173. 1575.9 661.6 -30.26 0.7018 1.4950 26000.0 453.6 43.91 -310.2 0.6017 
III 1.2903 55326. 1877.3 932.8 -38.45 0.8635 1.5450 11818.2 288.2 51.04 -118.4 0.5858 11.1 
it: 1.2990 59882. 2209.4 875.3 -42.14 0.8145 1.6000 16956.5 267.5 53.82 -140.4 0.7327 
11.1 1.3164 55543. 1514.6 989.3 -36.24 0.8647 1.6400 13928.5 258.3 51.49 -172.0 0.7855 
III 1 032S 1 63727. 2269.2 857.2 -36.35 0.6495 1.6850 14444.5 213.9 43.55 -141.2 0.9446 
1.3600 7230,8. 1590.b 1013.1 -26.13 0.7355 1.7350 15600.0 406.9 33.42 -275.1 0.6095 
1.3!,87 b407t.... 2064.4 979.4. -26.15 0.7460 1.7650 7959.2 208.8 49.29 -119.1 0.9714 
1.36B7 53782. 1774.1 787.8 -37.30 0.7440 1.8100 21666.1 314.4 56.79 -194.B 0.7408 
1.3862 57253. 2061). C; 832.~ -3 R.;8 0.8093 1.9450 9750.0 225.3 65.07 -85.1 0.8002 
1.4123 51471. 1335.3 qll.4- -36.69 0.7617 
1.4298 <.5236. 1.J77."i P17.9 -41.34 1.0~73 
1.5344 4Q050. lS26.Q 9 11.2 -2A.39 0.7789 
1.6390 56447. 2153.1 R~A.S -)4.02 0.7645 
1.6564 55022. 1365.7 1031.9 -27.19 0.7596 
1.7349 56557. 1"'95.4 950.3 -27.39 0.6942 
1.7B5 55120. l"b8.1 QE2.7 -32.A2 0.7627 






laADINfa PROTOTYPE .. JOINTS "ELASTIC 
~WS STIFFNESS" FITTED COEFFICIENTS 
E • A B C D 
,e:ltt4 Lettlt LBlIN lB IN"' 
136B.3 1),491:>9 60149. n3.1 -33.38 1.0490 
.0.67111 71525. 2031.1 745.2 -34.61 0.7540 
Cl.6eCll) 163'16. 1410.7 937.6 -34.11 0.8239 
0.6914 63582. 1559.6 909.9 -3'hl0 1.0345 
0.7846 61385. 1191.0 852.7 -34.54 1.00U. 
0.7646 61690. 1072.5 944.5 -32.08 0.9898 
0.S106 62253. 1321.3 913.4 -34.61 1.0642 
0.8262 69921. 1540.2 821.2 -33.28 0.8102 
0.8456 56943. 1104.2 877 .3 -33.56 0.6702 
0.8718 62500. 1160.6 889.4 -36.17 0.8220 
0.8718 59603. 1224.0 923.0 -27.63 0.7165 
0.8718 85714. 1019.9 1076.3 -19.65 0.6100 
0.8805 100222. 1495.8 1179.4 -30.80 0.8016 
0.8805 63972. 1409.3 744.1 -37.66 0.9653 
0.8805 1>4429. 1452.5 J02.' -36.78 0.7483 
0.9154 31777. 1035.8 71>0.4 -21.16 0.7800 
0.9154 65611. 1443.5 1041.~ -32.03 0.7912 
0.9415 59355. 1145.7 1·101.~ -29.38 0.7781 
0.9415 52874. 1454.2 166.J -40.28 0.8114 
0.9164 47449. 1050.3 91b.5 -19.35 0.bb85 
1.0026 61821>. 1597.6 912.5 -37.01 0.8654 
1.0314 71128. 1144.8 111 O. 5 -30.40 0.9381 
1.0374 61830. 1116.7 1194.0 -24.69 1.0870 
... 1.0462 75238. 1939.2 1020.8 -40.61 0.9681 
1.0636 ~0847. 1169.6 11.0.7 -30.18 0.8487 
I/) 1.0723 53708. 1697.1 958.2 -27.98 1.1952 !!! 1.0810 55057. 1450., P36.6 -30.45 0.9452 a: 1.0810 72030. 1372.8 1034.1 -29.18 0.7994 1&1 
I/) 1.1856 621>14. 1322.0 1024.3 -32.71 0.8612 
1.0810 5Q136. 1331.1 972.2 -22.78 1.1101 
1.2031 82833. IS71.<) 10B6.8 -36.29 0.9287 
1.2641 63924. 1360.9 9"-1.2 -2'3.92 1.1767 
1.2903 12119~. 1282.3 1381.g -25.88 0.9088 
1. 2990 7l1a9. 1525.7 1143.3 -30.49 1.1086 
1.3164 66797. 1760.~ 1058.7 -36.51 1.0558 
1.3251 &7500. 1664.9 1074.6 -31.60 1.0814 
1.3600 78333. 18.99.6 1146.0 -25.60 1.0831 
1.31>87 'lIDS,. 154&.0 1234.9 -27.45 0.6849 
1.3681 7158A. 1&84.1 973.7 -32.71 0.7690 
1.3862 80775. 2005.5 1031.6 -31.59 0.7541 
1.4123 1&087. 1416.2 1122. , -29.10 0.1(149 
1.4298 5"213. 1085.2 1106.1 -21.63 0.71:>40 
1.5344 60139'1. :555.3 1014.3 -34.19 0.8095 
1.6390 52851. 13 51. 9 1030.7 -21.09 0.1528 
1.6564 57333. 1"-62.3 1022.0 -29.99 o.S9le 
1.734'l 75000. 1672.2 1156.2 -25.8B 0.8574 
1.7785 70366. 1590.3 1200.7 -29.13 0.8245 
















































STIFFNESS" FITTED COEFEICIENTS 
• A B fN-1 LBfIN lBflN LB 
13928.6 226.5 36.7.4 -550.6 
6724.1 252.3 43.74 -125.5 
9069.8 . 227.4 45.19 
-166.5 
9512.2 248.8 35.18 -319.9 
13928.6 368.0 30.20 -394.4 
12181.5 149.1 34.99 -180.7 
6942.1 262.0 39.31 -178.1 
11142.9 499.5 38.15 -154.7 
8478.3 220.8 26.72 -249.9 
8297.9 193.8 36.99 -274~7 
8666.7 165.4 37.1>2 -181.8 
11470.6 13106 47.29 -129.5 
5492.9 248.0 38.62 -107.4 
4534.9 187.7 29.31 -242.0 
3578.0 236.0 31.39 -153.1 
18.71.4 241.5 36.24 -193.8 
16250.0 155.8 37.31 -198.7 
16250.0 202.0 39.34 -112.9 
n85.7 199.6 35.34 -191.7 
8125.0 258.0 41.62 -226.9 
15000.0 168.2 35.92 -258.4 
13448.3 242.7 41.44 -216.2 
4875.0 323.5 34.50 -153.5 
19500.0 283.3 35.66 -240.0 
10540.5 128.1 43.41 -116.3 
5571.4 129.4 34.55 -161.0 
5410.7 290.2 46.24 -118.6 
10000.0 190.9 45.19 -97.0 
4756.1 258.8 31.38 -197.4 
8125.0 171.4 35.65 -161.0 
12580.7 143.1 40.45 -144.2 
17727.3 315.2 34.93 -830.7 
6000.0 145.6 40.1>6 -93.1 
13928.6 357.4 47.30 -205.5 
26000.0 138.4 47.73 -104.2 
16250.0 188.6 55.98 -111.5 
11818.2 105.7 46.13 -141.0 
8863.6 312.9 54.23 -117.2 
111.42.9 221.6 46.31 -139.8 




































































2 + glue 





















































































































































































































































































applled to T;rp. of • r 
element f'ute.ning ....... 








:.f" Z + glue 0.981 
! :; 0.789 2 0.841 
.., 
1 0.876 u 
« 2. + glue 0.911 
! 3 0.976 
11 2 1.007 
a 1 1.077 











2 + glue 1.128 
'" 1 1.067 
" 2 1.014 ;: 
... 3 0.951 
u 2 + glu. 0.915 
" ~ 1 0.875 2 0.832 
0 3 0·796 ... 0 2 + glue 0.759 ~ 
~ 1 0.719 
3 0.684 
3 0.636 
2 + glue 0.584 
• See Fig .. 1.1 
Modulus Moisture I ll11oou1ou I. I c:;,f1e10l1t of I C""t""t Loloal 
variation· % % I"· ""1 
8.2 10.2 7·00 59.75 Y1 
.. 10.7 .. 11 Y2 
" 
10.8 .. . I3 





.. 10.1 .. n 16 
" 
10.6 














































" •. 11.0 .. .. ~ .. 10.8 " " " 10.7 .. " 




".9 10.3 .. " T3 4.9 10.5 .. 11 T4 
4.8 10.2 .. 11 T5 
".8 10.7 " " T6 4.9 10.2 n 


















TABLE S2-DATA F:ROM TESTS ON PARTICLE BOARD ELEMENT -ACTION T1 
ACTION To MEAN VALUES INDIVIDUAL VALUES OF STRAIN IMICROSTRAINI 
LB/IN 1'.", e, -.;., Xl X2 X3 X4 X5 X6 X7 X8 X9 X 10 Xll XI2 Xl3 XI~ XIS Xl& Xl7 
-206.94 -218.5 51.B -14.4 -178 -166 -255 -Z&O -343 -130 -238 -174 -224 -Z08 -Z47 -217 -ZOO -205 -155 
-432.40 -462.0 106.3 -20.4 -317 -515 -470 -659 -317 -542 -364 -518 -407 -474 -560 -425 -467 -348 
-659.21 -714.4 1l:3.6 -21.5 -900 -477 -794 -667 -992 -518 -852 -7S3 -698 -851 -657 -745 -563 
-878.06 -961.8 221.0 -26.8 -1243 -631 -1092 -847 -1311 -701 -1168 -106<; -905 -1135 -878 -1026 -774 
-1102.87-1223.8 279.8 -778 -1439 -1008 -1652 -881 -1515 -926 -1470 -989 -1391 -1107 -1457 -1091 -1344 -999 
-663.59 -752.4 180.4 -490 -B61 -687 -1061 -531 -905 -578 -875 -826 -719 -909 -684 -801 -587 
-211.67 -252.4 72.5 -180 -306 -293 -412 -151 -280 -191 -264 -262 -274 -297 -227 -253 -181 
-658.n -733.7 176.6 -489 -820 -681 -101& -530 -870 -578 -840 -801 -710 -872 -675 -780 -581 
-1096.22-1222.0 284.2 -773 -1444 -1008 -1667 -883 -1521 -920 -14~6 -989 -1389 -1102 -1454 -1090 -1336 -1001 
-658.83 -753.7 185.4 -489 -864 -&86 -1063 -530 -909 -569 -e14 -629 -832 -718 -906 -681 -805 -588 
-214.47 -263.4 79.5 -180 -317 -300 -426 -158 -286 -194 -275 -243 -277 -281 -333 -238 -260 -193 
-0.65 -22.6 22.8 -9.5 -14 1 -45 -20 -48 -11 -26 -9 -26 -19 -11 -19 -36 -23 -36 -26 
X18 XI9 X20 X21 X22 X24 Yl V2 Y3 Y4 V5 Vb Y7 V8 Y9 YlC VII Vl2 Vl3 Yl4 Yl5 
-200 -182 -219 -258 -25" -157 14 -23 41 28 37 31 24 18 86 b5 80 59 83 56 93 
-488 -382 -468 -546 -518 -362 46 0 91 b4 87 90 69 73 167 124 146 112 141 III 151 
-189 -594 -751 -714 -748 -518 100 45 148 III 144 142 129 149 173 210 164 194 163 196 
-1089 -804 -1030 -1035 -1005 -802 155 101 201 163 196 207 190 212 228 274 222 243 221 241 
-1418 -1021 -1325 -1309 -1320 -1264 -1040 217 164 264 232 249 271 251 274 34~ 276 328 274 290 285 290 
-850 -614 -793 -846 -925 -775 -612 112 64 158 132 153 162 147 164 259 196 225 168 203 191 218 
-2&0 -206 -249 -305 -2b3 -174 33 -15 56 43 59 58 40 48 129 84 98 82 99 92 119 
-617 -H7 -767 -832 -768 -586 104 57 151 140 147 166 136 161 250 190 218 184 201 190 Z06 
-1407 -1019 -1319 -1304 -1312 -1039 220 172 266 236 253 277 253 289 353 275 324 281 295 299 288 
-858 -613 -805 -845 -830 -615 113 69 164 133 155 168 149 170 263 198 228 191 210 200 219 
-268 -212 -263 -313 -310 -270 -187 33 -10 62 51 61 69 48 55 143 91 105 91 105 99 123 
-35 -10 -20 2 -23 -26 -10 5 -1 18 21 9 19 23 33 46 1 25 28 21 31 30 
Yl6 Yl7 YI8 YI9 V20 Y21 Y22 Y23 Y24 51 52 53 54 55 56 57 58 59 510 511 512 513 
70 60 52 65 6e 80 66 46 35 -95 -35 -102 -93 -93 -98 -98 -6 -99 -59 -103 -50 
109 119 106 132 120 145 133 106 93 -198 -90 -195 -199 -199 -189 -251 -73 -222 -139 -215 -103 
158 184 160 187 181 206 196 176 154 -281 -158 -285 -313 -233 -331 -272 -408 -148 -353 -227 -340 -167 
211 240 215 238 269 262 236 219 -415 -217 -366 -420 -295 -465 -343 -572 -222 -481 -302 -460 -225 
265 302 263 295 323 32~ 294 301 -521 -312 -450 -542 -615 -404 -765 -295 -634 -379 -596 -291 
183 191 175 199 209 222 220 197 171 -323 -161 -294 -320 -349 -262 -432 -141 -357 -231 -355 -169 
73 63 77 82 85 104 n 73 57 -107 -34 -108 -108 -76 -85 -105 -113 -5 -101 -67 -113 -45 
182 172 177 191 204 212 225 186 174 -318 -146 -2B8 -309 -272 -414 -150 -351 -235 -349 -173 
267 292 268 300 336 326 340 299 301 -515 -301 -443 -530 -409 -751 -286 -624 -382 -591 -288 
194 186 186 198 215 223 229 196 181 -322 -158 -294 -321 -226 -346 -271 -432 -134 -344 -l34 -350 -169 
89 68 88 88 90 106 103 79 63 -108 -33 -112 -113 -52 -85 -104 -123 -2 -103 -71 -110 -49 
27 18 24 20 17 27 31 30 27 -3 7 a -e -17 14 -26 -18 15 4 a 3 7 
514 S15 S16 
-96 -47 -121 
--203 -97 -262 
-315 -158 -401 
-437 -214 -535 
-580 -278 -6B2 
-335 -ISo -421 
-91 -45 
-132 
-313 -161 -391 
-570 -277 -67b 
-340 -159 -417 
-103 -46 -140 
-3 -4 0 
PARTICLE BOARD 
TABLE B2 CONTINUED -ACTION S. 
ACT 10"1 S MEliN VALuES INDIVIDUAL VALUES OF STRAIN Cl'IICROSTRAINI 
LBIIN £7(. ~, 7~ Xl X2 X3 X4 X5 X6 X7 X8 X9 X1C X11 Je12 X13 Xl4 X15 X16 X17 
22.32 -0.0 0.9 b3.5 4 1 -1 5 -6 3 -4 -3 0 0 0 C 0 0 2 -4 -4 
44.42 1.1 0.9 131.7 7 4 0 -1 10 0 -2 -5 -1 C 0 0 -1 1 0 0 -4 
66.45 0.7 0.7 195.3 B 7 -2 0 7 0 0 -9 0 1 C C -5 1 4 -2 -8 
SS.60 0.2 1.6 263.::- 10 9 0 -2 -1 5 -5 -13 -1 0 1 C -1 3 1 -2 -12 
11 0.51 0.2 2.1 32q.5 10 11 -9 5 -4 -1 -10 -13 0 1 0 4 -!> 3 3 -5 -13 
22.25 -1.3 0.) b7.9 0 -1 0 0 -9 -3 -3 -2 0 -1 -3 C -1 0 C 0 -3 
110.52 -0.3 2.2 321.7 10 10 0 6 -13 5 -12 -14 1 0 -3 1 -3 3 5 -4 -14 
22.15 0.2 1.1 72.3 0 0 0 5 0 0 0 -3 1 1 a C -1 0 1 1 -2 
X18 Xl'} X20 X21 X22 Xl3 X24 Yl '1'2 Y3 '1'4 V5 '1'6 V7 '1'8 '1'9 VIa 'I'll Yl2 Yl3 '1'14 Yl5 
1 0 0 () 1 1 4 -3 I) 1 -1 -1 2 4 -4 a 2 -1 1 0 -1 0 
a 0 0 0 3 4 e -3 -5 I) 0 0 4 2 -3 C -2 -2 4 0 0 0 
3 0 -3 -2 :; 5 8 -1 0 -3 -1 -4 4 6 -6 -1 C -7 3 0 -1 0 
-3 -4 -4 1 .3 7 14 -9 1 -1 1 -3 4 9 -7 C 0 -5 7 1 1 0 
-4 -1 -1 0 5 7 24 -7 1 I) -1 -5 8 11 -9 C a -6 9 2 0 0 
0 -4 -2 C 3 4 -1 0 0 2 0 2 3 -1 C C I) 2 0 a 0 
-6 -4 -4 a s 9 20 -9 1 -3 -1 -4 7 12 -8 C -1 -5 9 2 -1 0 
-1 -1 -1 -1 1 6 -1 0 0 1 -1 3 1 0 -1 C -1 3 1 a -1 
Yl6 Yl7 YlB Yl9 Y2C Y21 '1'22 '1'23 '1'24 SI S2 S3 54 55 56 57 51! 59 S10 511 512 513 
2 1 3 1 2 0 0 3 5 28 16 28 29 30 12 39 21 25 25 32 28 23 
-1 0 5 a It 1 5 4 9 51 44 47 56 4" 48 50 49 65 54 49 56 55 
1 1 5 -1 2 -1 1 9 11 82 79 71 77 79 79 75 83 79 80 85 82 77 
3 1 8 -5 5 -2 3 6 16 99 102 106 112 104 lC6 109 107 100 104 loa 111 102 
1 a 11 -2 4 -2 b 11 18 135 126 121 141 129 128 136 125 130 130 137 137 129 
1 a 3 c 0 1 2 5 28 26 22 32 29 28 28 31 32 28 33 32 17 
0 2 12 -1 -3 b 12 18 131> 122 118 134 131 129 128 133 127 131 131 140 121 
3 a 2 a b Q ,. 3 <; 32 31 28 41 31 32 29 36 31 36 32 32 23 
S14 S15 S16 517 SIB S19 S20 521 S22 S23 524 525 S26 S27 528 S29 S3C £31 S32 
30 38 34 -26 -5C~ -34 -31 -28 -45 -36 -4b -49 -28 -35 -43 -27 -16 -30 -36 
49 4b 5b -78 -7b -Ill -81 -80 -7b -b7 -122 -74 -68 -85 -83 -63 -76 -83 -75 
79 78 82 -110 -!.2:') -118 -103 -111 -lOb -117 -124 -130 -110 -112 -119 -113 -107 -112 -121 
109 113 116 -149 -162 -150 -175 -152 -149 -155 -169 -175 -138 -158 -150 -148 -151 -146 -157 
133 131 130 -192 -185 -211 -190 -I'll -190 -193 ;,-204 -217 -171 -204 -239 -186 -198 -196 -191 
27 '5t 32 -35 -32 -48 -35 -33 -38 -51 . -42 -45 -32 -41 -4l -35 -31 -34 -43 
131 123- 132 -187 -1·93 -21)2 -189 -193 -187 -184 t -I'll -210 -174 -195 -1~9 -18S -186 -189 -195 
2b 29 34 -44 -31 -49 -43 -46 -33 -3~ -33 -45 -35 -47 -35 -42 -34 -45 -44 
STOP 0 
If. 
TAaE 83. DATA FOR SERIES I COMPRESSfON AND SHEAR TESTS ON PROlOTVPE ELEMENTS. 
ELEMEMT 51 U'10ER ~tno~ T .. 
ST~ESS MEA~ VALUES l>lotvIOU~L VALUE> OF STRUN , .. z",..,.+ ..... ;,..) 
T. 10/1- e ... 
.1f.;.9 4(' 
Xl X2 X3 X4 X5 X& X1 x~ X9 XI0 Xli X12 X13 Xl4 X15 )[16 XU 
-128.61 ,.0 0 11 -0 7 -2 1 41 0 12 -2 10 -5 4 -6 35 3 
-267.55 1".0 ..264.9 59.0 13 27 -11 21 1 14 51 1 26 0 20 -1 11 -11 M 0 
-401.04 16.8 -391.6 67.1. 9 44 -16 36 2 15 -31 56 0 45 -3 39 -9 22 -11 I>e. 4 
-546.29 11.0 -521.1 11.1 49 -22 50 6 20 -37 44 -3 4e -q 48 -13 21 -15 1>1> :; 
-40S.51 11.5 ..11.:0.6 "., 1 36 -I. 36 6 9 -40 40 -2 39 -4 24 -12 6 -15 61 1 
-129.35 1".4 -:<06.6 61.8 11 33 -1 20 11 12 -30 5C 2 30 3 14 -3 14 -e 48 14 
-401.97 17.' -'+1".9 7O.S 1 51 -13 38 4 -42 53 2 45 0 33 -1 20 -14 10 5 
-547 .. 14 ,,0.6 -5:<4.1 74.4 1 01 -22 53 ., 25 -39 53 -1 54 -11 53 -21 25 -11> 19 3 
"1-401.97 11.0 -"ZIt.9 ".J; 52 -17 46 12 22 -33 50 2 48 -b 40 -lb 18 -11 1>9 Z 
-129.23 14.2 -Z06 • .5 S9.0 12 40 -3 26 15 13 -27 4~ 3 29 
" 
20 -10 14 -10 1>0 11 
-0.61 11." .78.6 )10.4 33 19 IB 10 -15 22 5 20 14 16 0 1 -10 34 15 
X18 X19 X20 X21 '22 X23 X24 V! V2 V3 V4 V5 Vb VB V9 Vl0 Vll Vl2 vl3 Yl4 
-1 0 -6 -4 11 -2 36 - •. 1 -501 -122 -25Q -97 -212 -1 -136 30 -89 16 -112 
1 -2 0 19 -2 73 -~O6 -807 -102 -4B -161 -424 -21 -279 39 -231 18 -399 
19 -2 3 0 33 -1 87 -131 -1053 -21" -702 -197 -611 -31 -473 44 -452 .. 8 -1.83 
23 2 0 -5 33 -~ 93 -130 -129'Q -24'1 -930 -215 -845 -12 -130 90 -b99 lOb -1021 
16 -1 -10 25 -7 80 -1.)1 -1l20 -210 -no -183 -551 -674 -2, -536 60 -527 b3 -189 
12 2 -13 15 0 60 -)2 -642 -169 -HB -146 -224 -2% ,..10 -162 -1 -154 -18 -292 
21 2 -1 -1 30 1 qz -lOB -1082 -225 -732 -195 -b41 -60 -495 33 -482 41 -144 
35 -6 'i 0 39 102 -117 -1293 -245 -qz6 -211 -851 -30 -114 82 -b99 105 -1034 
26 -3 -, 2d -,., H -laO -1111 -211 -765 -187 -612 -40 -522 52 -526 100 -792 
17 cZ -8 ~ 17 -4 63 -50 -650 -lc1 -35'5 -1'>3 -3C4 -b" -145 -9 -15:; -13 -299 
12 7 -7 10 q 9 31, -:"2 -284 -112 -110 -85 -31 -88 -85 -81 1~ -55 -3 -54 -56 
Yl5 V16 V17 no Yl9 '(2'J Y21 Y'?L Y23 V24 51 52 53 5" 55 56 57 sa 59 510 511 
-14 -161 9 -1?!1 0 -1 ~7 2 -263 -51 -174 -40 -45 -4 -d5 -54 -61 -78 -9 -45 -234 14 
-22 -372 -22 -4b2 -43 -435 -31 -4'37 -915 -3" -8' -148 -21 -201 -17 -1'8 -122 -38 -61 -329 3 
_sen 
-> -74C -31, -6'H -30 -715 -g) -600 -90 -263 -8 - 365 -12 -288 -133 -101 -80 -385 -4 
52 -877 24 -1002 -13 -}V4 -H -')?g -73 -~f::,7 -87 -347 13 -5U -56 -432 -135 -110 -99 -439 -3 
2l -671 -i142 -3'1 -771 -29 -7~'} -53 -653 -~4 -300 -17 -401 -65 -312 -133 -US -81 -403 -2 
-~5 
-231 -~3 -4.)'2' -90 -2.Yl -'i2 -324 -72 -278 -12 -151 -62 -115 -eo -69 -99 -1 -51 -294 -11 
3 -030 -7 -~OA -44 -74S -2R -12'} -8A -644 -90 -219 -32 -~I -298 -121 -loa -a4 -319 -20 
53 -868 20 -1(U4 -lG -100 :J -3 -Job -67 -"87 -'1C -341 4 -61 -4,5 -129 -110 -93 -434 -3 
11 -6')fl; \ _A >:>4 -31 -77() -19 -7'" S -07 -7()f- -1::!i3 -3eo -\1 -394 -14 -318 -126 -118 -11> -399 -I> 
-32 -22- -47 -4 .... "i -83 -lAg -30 -3?~ -65 -2A4 -75 -1'>3 -67 -us -~c -70 -96 3 -54 -211 -17 
-57 -19 -6~ -1'34 -100 -47 -63 -.; 5 -64 -42 -51 -6t:;! -73 0 -52 16 -28 39 -21 -120 -31 
512 513 514 515 510 
-197 12 -181 -6f' 
-342 -3 -357 -22 -139 
-499 
-1 -543 _:'f -23~ 
-,,72 17 -758 -27 -34n 
-543 0 -f.14 -,)2 -'~I) 
-247 
-22 -302 -24 -lill 
-527 -12 - 5~3 -/ :. -24q 
-666 Ib -770 
-2'" -341 
-54'} 4 -~2C) -2~ -27(1 
-254 -14 -3("') -21 -12" 
-51 -44 -::j~ -,z.r', -5 
fABlE ""83 CONTINUED 
ELEIIENT 52 U~OER ACTIO,,; T. (,...;(;;'Ds.t .... ;"") 5TI(E5$ "'EA~~ VHUES ! ",01 VIDUAL VALUES OF STRAI~ 
-'Ji-/StAr E~ 
.i1B ... b Xl X2 X3 X4 X5 X6 XI xa X9 X10 X11 Xl, U3 X14 X15 XU Xl1' -fl9.14 1.1 ) 15 10 , 5 0 5 -2 23 -1 1 10 7 6 -4 IS 14 
-261.09 'IZ.2 -"56., 1.5 4 25 11 12 2 14 6 1 33 1 -1 24 " I' 17 -22 33 ZZ 
-407.15 1'.9 -676., -2.5 33 14 lQ 3 25 10 0 48 -3 -7 26 22 18 -Z7 38 35 
-545.21 16.1 ./19906 -11.1 41 12 26 -1 32 12 -6 57 -16 -10 2a 27 20 -27 34 46 
-409.15 1.6 -'l3i!.4 -15.2 34 1) 17 0 Z2 10 -3 50 -lob -2 23 24 23 -25 29 26 
-126.07 1,.' -»8.' -25.0 28 21 17 9 21 8 -1 31 -1 12 18 19 33 -14 16 -3 
-407.-07 1,.2 -'1119.1 -6.2 33 P 17 3 20 11 -6 47 -7 0 21 29 22 -22 Z3 34 
-545.67 18.9 -90,08 ..,.1 39 15 21 2 25 18 0 58 -7 -I 35 29 30 -26 32 SO 
-406.80 16., -'l3i!.5 -19.8 34 20 21 27 9 
-. 52 -8 0 28 25 34 -23 27 31 
-128 .. 22' 11.5 -3'+5.6 -22.1 28 20 13 19 I 33 -3 12 18 18 30 -12 .5 --. 
-1.07 8., -13.8 _1,., -1 20 1ft 8 13 2 12 16 1 22 1 -9 -10 
Xl8 XI' X20 x21 X22 X23 X24 Y1 y2 Y3 Y4 V5 V6 Y1 ve yg YIO Y11 Yl2 Yl3 V14 
4 11 17 2 -8 24 -1 , -51 -426- -3. -228 34 -213 -9 -317 -15 -342 -13 -414 
7 11 !' 13 -14 
'" 
-lab -145 -a03 -109 -501 12 -423 -72 -657 -03 -688 -62 -850 
20 2~ 20 21 -20 43 -101 -144 -1252 -72 -903 76 -6se -74 -HOI -51 -HIS -45 -1365 
32 22 24 24 3. 22 -1211 -4 -l7ez 73 -140. 255 -1114 44 -1663 loa -1114 135 -2016 
25 17 2' 17 36 -41 -Q2Q -78 -1426 -2 -\045 1.3 -815 -30 -1279 21 -1293 31 -1564 
? 20 15 21 10 -13 3" -':)'15 -359 -1l9 -619 -76 -341 35 -3C2 -61" -489 -24 -492 -32 -636 
-4 24 2, 2"' 12 -17 43 -75 -A9~ -100 -135' -'lab 121 -783 -45 -1199 -11 -1239 -b -1492 
-6 33 27 2,., 27 -22 41 57 -1248 21 -1839 -1461 279 -1151 91 -1726 135 -1760 163 -2065 
a 29 20 2'1 Ie -23 3~ " -10 -Q35 -52 -1436 17 -1059 177 -625 -15 -1312 41 -1332 50 -un 
\1 15 19 n -\4 27 -14 -385 -110 -637 -72 -362 40 -321 -.7 -489 -26 -513 -32 -661 
I'> 11 l' 14 -52 -7n 
-5' -137 -55 -81 -8 -1,7 -48 -91 -29 -79 -2\ -96 
Y15 Yin Y17 Yll-' YI9 Y71J y22 Y23 Y24 51 S2 S3 54 55 5. 57 58 59 510 511 
-13 -')31 -261- -241 -2 /t4 
-"0 -3:J~ -113 -2?'b 11 -150 -:31 -166 -41 -146 -94 -183 -103 -98 -76 
-39 -lOtH -467 -4'::~ -423 -6'";; -444 -714 -346 -5€4 -5 -268 -116 -330 -\ ce -302 -127 -340 -170 -156 -139 
o -1723 -rd2 -<"11") ~516 -')36 -0,)1'.} -1027 -451 -S":j') -4,,2 -131 -525 -128 -4q7 -\43 -525 -241 -214 -166 
214 -2511 -7zQ -QIY'I -6S1 ~11b4 -6 Tb -14\t, -413 -132.'i 31 -618 ->3 -e 14 -ti -787 -128 -751 -290 -309 -15Z 
1I~ -19'1 -614- -1.!.o -::'bt> -10'04 -570 -11q4 -404 -lGSr; \. -537 -96 -614 -,9 -600 -\20 -626 -238 -lS6 -156 
11 -HOG -351 -?,l?' -5::".:1 -S1'J -251 -462 19 -101 -231 -1l4 -237 -97 -l90 -118 -119 -113 
71 -less -611 -tl77 --~ ~b -11(.ll -397 -918 \2 -113 -5;;4 -le2 -5tb -110 -581 -229 -236 -178 
256 -2571 -7D8 -')17 -t<H -12:':)15 -6:"1 -1 .... )>1 -45(1 -1334 42 -724 -2n -839 -40 -alb -114 -769 -266 -321 -139 
139 -2022 .... 597 -")152 -S51 -il'n -3q7 -\06\ 26 -552 -:'3 -630 -87 -612 -107 -630 -232 -256 -152 
14 -H6 -35'1 -33~ -313 -SSq -237 -489 12 -245 -89 -245 -., -251 -98 -297 -124 -130 -109 
1 -12" -17 _jt) -84 -10' -79 -~9 -99 -65 -57 -42 -31 -43 -33 -57 -50 -19 -22 -35 
SI2 513 514 511") 
-14;:\ 31 -242 -13 -136 
-'304 23 -<;02 -_14 - ,07 
-419 76 -19:1) 
-1"' -50'), 
-741 22Z -1~" 
-51'.>1 14e 17 -11 7n 
-2\6 5' -HI -pol 
-'):H -8<,)4 -4 
-5"0 
-767 -111)7 _-',)4 
-56q 160 -':'JIIJ -'i!;'7 
6. -314 -1-1 
-1 J" 
2~ -41 -11 -'q 
1fAILE.···· ..• ~NJED ie" __ -''' _ _ u ,,- \_ 
~LEII~~T 53, l!NOER AI;. T! ON T. 
,-.. ;t'.,.,,.,f~·"') StRESS MEAN VALUES lNOrV{OUAL VALUES OF STRA'IN 
T~¥. II.i e, t"" .Xl X2 X3 ,. X5 X6 X; 18 x. XlO XU liZ X13 Xl' XIS Xl6 X17 ~-,13q:.29 "., -)OO.? 1m.1 -1' 60 1 30 -20 31 15 45 -Z3 3. 33 -6 Z5 -21 26 0 
-2'1'9.20 21.' -mol 54.9 -48 96 16 31 -26 62 29 49 -31 51 51 1 31 -25 35 9 
,,"18.34 25.8../161<.9 It·/.', -86 127 22 31 85 36 66 -44 61 -16 77 10 24 -Z5 4lI I. 
-558.02 ,,;0 .. 11,.,.0 ItZ.S -111 15' 33 2. 104 41 85 -54 6Z -I 9. Z6 13 -)0 56 19 
-4Z0.11 ZIt.lS .;.ga.\.S 19.7 -121 128 32 32 76 50 70 -48 51 -5 90 Z3 a -zo 25 21 
-139.'99 11., -,*".2 16.0 -83 54 14 26 -:il2 Z9 36 49 -24 35 -11 58 -2 4 -18 0 15 
-418.-65 ZIt.S -9Q1f.o 51.4 -105 125 2. 33 -Z5 83 46 14 -38 6' -1 88 12 14 -22 30 U 
-551.9' '105·1164.1 J'o.5 -111 151 35 22 -16 103 50 9. -4. 6' 0 102 ZZ 8 -26 5Z 15 
-419.89 2".8 -933.5 29.6 -115 124 33 2S -28 80 ., 7. -43 61 -8 91 19 9 -24 Z5 19 
-140.14 12.1 -'*22.1 11t.2 -81 58 22 23 -26 29 36 49 -22 30 -11 61 -2 
" 
-15 ... 16 
0.15 5.' -80.9 .2., -3e 0 20 -1 -8 5 11 22 17 15 -6 32 -13 0 2 -5 11 
XIS X19 X20 >21 X:2 >23 X24 VI Vl V3 Y4 v5 Y6 y1 Ye y. YlO yll Yl2 Y13 Yilt 
25 -3 2 5 59 23 -311) -467 -290 .... 436 -298 -219 -246 -294 -153 -224 -157 -242 
46 1 12 9 H 16 .-101') -896 -490 -604 -538 -"Ci7 -501 -537 -353 -419 -395 -492 
65 2 1 , 11 102 8 -1152 -1369 -621 -1214 -B41 -624 -823 -671 -623 -520 -68S -61tO 
81 14 1 2·) 8 111 -12 -1101 -leg1 -686 -1678 -122e -68C -1274 -630 -1051 -1t98 -1152 -63Z 
58 8 1 16 1 101 -9 -llJ? -415 -1602 -566 -14Q4 -109 -.90 -5U -526 -154 -418 -860 -546 
16 8 -1 15 15 13 -12 -5b4 -306 -74b -339 -029 -356 -423 -228 -359 -157 -285 -220 -365 
55 11 -1 27 b 104 -24 -130. -438 -1532 -595 -1342 -701 -S65 -520 -565 -110 -440 -804 -576 
80 16 1 35 15 114 -33 -1788 -461 -1997 -&43 -1793 -819 -1304 -5gb -1382 -454 -115' -382 -1293 -524 
60 12 3 2., 11 106 -24 -1435 -411 -1632 -501-1435 -b81 -Ie", -5C4 -958 -492 -773 -412 -882 -527 
18 2 -7 17 21 H -8 -592 -303 -782 -340 -652 -349 -444 -223 -294 -332 -168 -281 -2ltO -367 
9 5 38 19 11 -16 -110 -154 -214 -88 -126 -54 -;1 57 7 -123 75 -90 6 -123 
viS Vl6 Yl7 YI3 YI' yz~ 'l'L1 '122 v23 v24 51 52 54 56 57 58 59 510 511 
-256 -In -170 -leg: -2-58 -512 -170 -495 -12A -451 -114 -28 
-. -51 -142 -90 -66 -73 -156 
-546 -391 --40!) -'57~ -676 -427 ->j2~ 
-en" -222 -13. -B. -414 "'149 -216 -206 -161 -10. -407 
-925 -5<5 -b!)4 -'141 -1119 -750 -10b3 -1081 -223 -659 -12C -646 -225 -316 -291 -279· -135 -663 
-1461 -508 -1069 -f;d7 -14Q5 -1194 -1!.7 -1235 -1062 -1270 -268 -1046 -90 -957 -207 -450 -3lt2 -430 -152 -1005 
-1103 -3<;9 -887 -47'1 -10'83 -no -101 ~ -815 -1037 -403 -184 -884 -03 -173 -le8 -315 -301 -330 -136 -162 
-338 -250 -38C -104 -0.13 -jb7 -56b -215 -545 -194 -31 -3&4 -305 -107 -2CO -1.2 -U8 -101 -206 
-1022 -465 -HlP -'ill.,. -lOS I -092 -1021 -14a -10",,4 -317 -155 -788 -722 -196 -358 -266 -336 -156 -724 
-159. -397 -1185 -51·~ 
-1"08 -ItIS -1284 -11"2 -1156 -1223 -527 -263 -1135 -41 -1022 -In -491 -320 -469 -158 -1069 
-112. -38c -Q07 -4~S -1215 -1073 -913 -1020 -~ 16 -1032 -4Cl 
-1'0 -881 -46 -779 -168 -377 -25' -347 -130 -761 
-343 -242 -39& -17/l -552 -59"} -382 -573 -235 
-5" -215 -42 -)70 ~ -31~ -117 -201 -109 -143 -104 -215 
6 -6. -112 -"Pi -14& -134 -62 -lJB 7 -124 -65 -63 -62 18 -28 -59 -37 -3 -47 -bO 21 
512 513 514 515 51~ 
-311 -ge -173 -10 -214 
-507 -2~4 -0 7 -]18 
-5a7 -313 -13) -Si7 
-5a9 -811 
-2" -5qq 
-515 -627 -1 44 -496 
-35> -159 -, -254 
-59b -l£'t -"502 
-1380 -268 -2'1') -5R4 
-41)6, 
-641 -2H -1 ':'19 -494 
-354 -11.)6 -11.3 -1') -2f)h 
-101 -10 -19 ., -43 
l"«..a··B3,···.MJEQ 
ELEMENT" 11' UNDER ACTI 0'4 TO c. ... ; .. ,..,.If..,~) 
,STRESS. MEAN VAL-UES INDIvIDUAL VALUES Of STRAIN 
, T,lifI!t £,. Eo ~ Xl '2 ;(3 X. X5 X6 X7 -1~q.1!5 ,., _,,/008 27.' 9 5' 6 11 -5 15 -5 
.... _26q .. _~_6 , ... 
-2112.0 21., I. 5~ 14 4 -3 7 -11 
"'-407.97 6.7 -~.o 2,.0 10 72 17 12 -1 17 -16 
,:",5'47.76 11.1 ...,. ... 21).7 21 79 ?9 19 0 2. -22 
-409.44 10.1 .36$.6 .27.7 21 79 33 15 -2 19 -26 
-HO.H '.9 .1'>6,a ;)G.' 20 4a 25 17 -10 10 -22 ;"'4fJ7~47 7.0 -l?8.a 26." 22 72 27 10 -2 19 -H 
--S48.23 11.1 -488.7 21.8 25 al 2& 17 2 26 -31 
... 409.&3 8.6 -l?8.8 26." 2' 75 28 12 2 21 "28 
-130.36 ,., 
.15;5." 110.1 20 53 22 13 -. 10 -25 
-1.3' ;5.;5 ""'.9 .ozo.6 20 1 13 5 -. 0 -q 
:(18 :(19 X20 X21 X22 X23 X2. Yl Y2 Y3 Y4 
-9 -2 -'i .J 7 16 l' -113 -95 -122 -157 
1 -I' S -5 20 2 ..... 203 -192 -222 -305 
10 -20 11 -5 n 2 -285 -305 -307 -441 
7 
-1' lq 4 2, 4 -354- -420 -400 -570 
7 -12 12 6 24 7 -269 -303 -296 -455 
2 -13 1 6 17 13 -,4 -93 -110 -177 
-22 5 -14 13 -2 22 4 -309 -319 -43t) 
-31 11 -12 16 B 25 6 -'25 -403 -51n 
-27 5 -13 q 10 2 ~ 5 -282 -31" -31Q -46Q 
0 -5 I, 1 12 16 -119 -10. -183 
25 -6 7 7 1 -1 -7 -18 
Vl5 Yl6 Y17 Yl.ll. n9 YZO <21 '22 Y23 <24 51 
-20 -130 -6" -192 -. -165 2 -244 2'~ -220 
-4" -2'. -181 -37P, -'4 -31 -404 -13 -431 
-29(J -5V, 
-152 -69 -h48 -so -631 -140 
-396 -6ag -224 -656 -114 -823 -103 -622 -1 eo 
-32q -5',;< 
-H2 -').,;2 -74 -bP.5 -52 -674 -15A 
27 -86 -2.24 
-. -321) -13 -311 -57 
-56 -181 -510 -"7 -667 -70 -654 -16' 
-104 -625 -411 -71.2 -233 -b04 -127 -853 -115 -6.0 -206 
-52 -49:2 -340 -?60 -ilj'l -') ~? -~6 -10~ -74 -6ql -175 
30 -107 -181 -2 :>$ -103 -220 -15 -311') -25 -301 . -00 
17 -17 
-7" -'3;' -"51 -8 -~5 '-b. -47 -23 
512 513 514 S15 516 
-12S -22 -132 B -15 
-4E -250 Z!) -111 
-74 -36q 17 -219 
-355 -lOS -491' -J -3 E,4 
-Z9~ -64 -4C3 ') -317 
-1613 0 -19t'. -125 
-278 -67 -3es -2H 
-"361 
-8' -31') 
-310 -5. - 324 
-l65 7. -2no -q ~.:t 39 
14 -33 41 
-11 2_ 
xa XO XlO X11 X12 
20 6 -1'. 10 13 
10 19 -28 13 8 ' 
11 29 -26 17 7 
25 36 -17 19 10 
22 27 -16 19 17 
11 9 0 11 11 
I' 21 -11 13 9 
23 30 25 19 
16 19 16 13 
6 • -. 9 12 
-5 6 
-. I. 11 
Y5 Yb Y7 ya Y9 
-96 -200 -01 -lC6 
-lal 
-13' -240 
-25. -HS -381 -239 
-325 -244 -5C6 -310 
-163 -3fT -230 
-62 --149 -55 
-191 -386 
-23' 
-335 -746 -263 -519 -310 
-202 -615 -183 -'C5 -232 
-128 -2A9 -70 -156 -56 
-47 -61 
-3' -22 33 
S2 53 54 55 56 
-2" -5 -72 -37 
-gz -55 -lin -.7 
-93 -295 -94 -266 
-155 -41R -147 -376 
-lOA -306 -lCO -273 
-64 -20 -66 -19 -75 
-149 -101 -310 -105 -262 
-2eo -12. -408 -141 -377 
-160 -99 -313 -10 -271 
-hI -; -2. -62 
-124 47 ~3 
-2' 
X13 Xl' x15 
3 0 Z 
• -6 -1 13 -a 7 
1. 0 6 
7 0 4 
2 -5 7 
11 -7 2 
17 -1 7 
9 -2 Z 
3 -9 • 0 -I2 ' 10 
no Y11 Vl2 
-172 -61 -133 
-306 -133 -261 
-5.8 -192 -387 
-73' -2'3 -491 
-579 -183 -385 
-237 
-71 -158 
-565 -169 -386 
-753 -238 -520 
-591 -180 -413 
-244 -77 -184 
-93 0 -104, 
57 S8 S9 
-51 -44 -69 
-67 -91 -102 
-65 -133 -133 
-79 -173 -191 
-54 -129 -138 
-49 -60 
-139 -144 
-86 -187 -185 














































































ELEMENT 12' UNDE. ACTIO'J Ta, 
STRESS MEAN VALUE 5 I'40IvrOUAl VALUES 
T .. lIf._ e~ _1~.~ ;'1 Xl X2 X3 
-128.65 1.6 11 :u· 
-26e.02 11.95 -360.' 51.~ 21 2:9 
-40e.01 19.1 -545.1 11.1 33 3Z 12 
-547.49 2.4.8 -1:52.0 90.8 37 37 18 
.... 408.28 11.6 -565.6 6".1 21 24 12 
-129.62 9.0 -ZZ,." "'1 16 22 7 
-408.12 19.8 
-56'.0 62.1 3', 34 16 
-547 .. 22 as." -''''.2 91.8 .4 t 42 2; 
-406.94 18.5 -5",.0 62.8 34 31 1; 
-129.27 8.7 -2.'1.2 _1." 1'· ZA 
-1.04 ,.~ -5".8 -45.5 :, 
X18 <to X20 ;(21 X2~ '<2::- X,,4 
9 -5 4 3 13 -lD 25 
-5 0 14 14 11 -4 
." 0 2 20 P I') 4 11 
-8 6 26 ;:7 21 !l B? 
-5 0 10 17 22 73 
-12 -6 0 " 11 -12 49 
-5 1 20 1 P 23 12 
-5 5 13 ~: t: 35 1 0 8" 
-1S 0 11 1" 17 ; lb 
-10 -4 -1 II -12 52 
-3 4 -1 -, 5 32 
YIS )'16 Yl1 Vl"l n9 Y2 J Y.:!l 
-101 -163 -"i(, -217 -/'lfJ -32(; -1011 
-254 -311 -lioJ4 -432 -24'- -t,'f4 -2"18 
-420 -469 -341 -her] -441 -11~~1 -440 




-418 -411 -3"'1 -':>()2 -'.)CH -~33 -4543 
-85 -234 -147 _;'1,:.., -2'1 'j -~'Jl 
-423 -1;)')1 -37"l -1)1", -4S1 -'ib: 
-614 -s~n -523 -74"" -f> 75 -111, -e44 
-421 -494 -3"=14 -hl'- ~,)C4 -94? -'-"12 
-"5 -2"'0 -161 -2 fl. -:12,., -~'J~ -.'..49 
-8b -6} -'''~) -Ill -It> ~ -;, 
512 51> 514 :"1 '.) »!." 
-116 -R5 -1.,5 
-195 -2H, -35ft 
-273 -3:::'3 -3P~ -Ill -1:)j'5 
-40;.2 
-491 -1 T' -72') 
-3H -424 -I al -(",,)4 
-134 -10 -?O'" 0 -2::)'J 
-278 -32:0 -4(;3 -10 ~ -5 7 2 
-331 -4-1Q -111 _7~.q 
-281 -3<2 -1"S -be') 
-13>1 -," 
-1"", l? -27, 
-:33 24 -1" -')7 
Qf ST~AIN L""':""'l1ft#'tiLi .. ) 
X4 x5 XO Xl X8 x9 no 
25 3 1 1 -. -11 15 
25 8 6 12 -17 -6 31 
41 5 9 18 -17 0 59 
46 11 10 25 -15 1 16 
39 -10 0 n -22 3 64 
26 -2 -15 15 -1' 2 42 
49 C 25 -22 2 64 
59 5 12 3, -14 3 18 
41 1 -3 2. -24 0 62 
31 -1 -9 16 -IS 1 43 
23 1 -27 19 -B q 11 
vI Y2 v'j y. y5 Y6 y7 
-2(11 -151 -138 -102 -211 
-431 
-35' -212 -221 -454 
-bf't2 -377 -5bl -375 -324 -706 
-n6 -411 -11~ -474 -740 -41q -959 
-098 -398 -5'51 -,10 -534 -318 -7lq 
-21b -215 -139 -161 -14B -126 -285 
-691 -'310 -51:16 -376 -341 -127 
-134 -478 -771 -"'6P -415 -917 
-105 -402 -~b5 -371 -320 -132 
-21:::5 -210 -154 -163 -1513 -123 -290 
-7. -69 12 -19 -8 -12 -9. 
Y:2 Y23 Y24 51 52 53 54 
-26S -44 -2h5 -41 -4B -55 
-"1 
-")41 
-147 -51~ -.5 -130 -160 -209 
-7)..' 3- -,tilt -874 -191 -2£J7 -2e. 
-'}H4 -411~ 
-1141 -253 -432 -34. 
-B24 -26S 
-15' -204 -326 -284 
-3'''3 -30 
-8' -117 -123 -1043 
_OJ·5 
-2b'5 -877 -175 -221 -~12 -28b 
-~F:7 -401 -1134 -242 -2443 -439 -341 
-'134 -761') -'129 -lap -205 -~34 -283 
-4()4 
-31 -3q9 -q 1 -121 -128 -1'J4 
-121 35 -":>S_ -4b -leI -52 -;2 
Xll Xl2 X13 Xl~ 
4 16 6 10 
10 23 a 9 
19 38 1 13 
24 52 7 14 
22 50 4 9 
10 32 -3 .. 
22 40 5 4 
23 50 I' 13 
13 35 6 6 
3 21 -1 ,1 
8 -b -4 
yf Y9 VIa Y11 
-206 -lIB -157 -90 
-391 -341 -334 -242 
-531 -5e9 -409 -415 
-658 -732 -574 -611 
-565 -539 -490 -434 
-323 
-1"1 -25' -94 
-535, -48b -426 
-746 -519 -615 
-54'9 -498 -43b 
-324 -19q -201 -118 
-119 -:>7 -115 3 
55 50 51 S8 
-62 -32 -101 -n 
-160 -93 -18b -161 
-274 -131 -253 -220 
-420 -114 -341 -272 




-284 -280 -243 
-431 -101 -347 -2al 
-3C6 -142 -286 -254 
-e4 -56 -175 -164 












































































TABLE B3 CONTIIJED 
EL.P·f'H 13" !..NOP !CTifl'! "fa ,-..... .......... ) ~T~'5:S:;. jlljEA~ IfAL.rES l~t;)l>/tCIJ~l vA\,.IJES. C· ~'fJ:tUN 
7L WI"" t.. ~.s .il <l <2 <3 <4 .. t6 ~7 -12~.1' 11.1 's- 21 -1 
" 
-7 10 
.... 2h1.14 16., -5G't.2 11.7 ;\ 
'" 
Ie 30 -13 23 
-4/)6.1j1 19.1 -?IIO.% ~., I,'j .. ZS 41 -IS ,< 
-'i .. 4.'§2 .... ., .... .2 .... , 7, 12 ., 
-" 
So -11 
'" -41)7.&-8 16.% _*., 0.2 t;.';' '.' 3T -oS .. -I' "31 
-12"'J.Ol 10" -SZO.2 
""" 
Z' 3, -11 3' -lq 21 
-"1)~.?2 21., -717., -1., 7L >1 f..: -,. 51 -17 '0 
-~"'6.2'l :n.2 -'IOZ'I.1 ~.o l' N' 5" -44 U -20 H 
"'401."1 21.0 _193.0 47 ., "I ". -or .. ""1!l 40 
-12".41 ".0 -JIi1.o .1.' 4-j, 2J -0 47 -17 2. 
-2'.34 5.1 "'1.%_'" ) .. 
" 
3h 4, -20 21 
<l" (I", X2C ..<:2:1 ~7 2 '(;( .i ~.2" Vi YZ Y3 Y4 
'0 I' n ? :7 I· ",,1) .. 4 -13'" .... :u, -12' 
H 17 ", -~ 'I 11 -q~4 -114 -7l2: -397 
Z' ?7 1,2 -13 
" 
-12 -1'362 -200 -Ion -$1q 
'4 ",,'n' ,. :-l -n n 
-2' -178"'J -13CJ -14"~ -117 
-. ... 22 7 r.':~ -2~ 4> -2';1 -14'io" -1152 -1121 -bCO 
-11 2 -, 
" 
-12 ,~ -21 -1-;S 
-4' -~"7 ,,·3e ... I. -I. I' -t; 
" 
-21 _1)-,t; 
-171 -llJ~ -'5Q2 ,. 
-zs n » -H 41 -22 -17;' -ZOZ -1411 -1)2 
0 -1<) n -20 4": _~>t -14~1 -h.lio -lIH -SQA 
_1 , H -IZ ., -?l -7~l -3> -4110; -lC. 
1 .. 
" 
", -tll :!.; -I' -..,,(1'" '0 "'1 ,~ -e' 
vn f1> ytT fl' f,'l .2' \1.41 ..,1.2 .ll '24 SI 
-1l -20". -141 -lG4 -H _.('12 -l1J .. i!3f) -2Q~ -107 -n~ 
-Z}'l ... ,..0.1 
-:10'1 _"'~u -~C4 -'5-,) --tS, -4'i1 .. >. -402 -Z50 
_HH, 
-640 -':.20 _'1~4 " - .. ')i') -&'5") -7i'1 -~,,~ -37<1 
_eJh.l! _7·il) ""jlj24 -l~G? .. t_1l -IQ7J -1ZZ4 -1)-,7 .... s"n 
-';~, ... 10";::7 ... ·~ll -1,)"7 -4,-;;1 .. 7'-"':; -16") -~2'J -P11 ... SOt) -417 
-& .. -l ... -J .... H2 - .... J- -HZ -217 -2l~ -1'1" 
-I'. 
..... H 
-,,41 ...... 11 -l.-"l .. '~ 
-lo".l -13~ -I!Z· -IHO _190 
-,,-t'J _7~,'- ... ol~" -11'~--' -7?3 "'1" 12 ... b.?l -1241 -St'!) -5~1 
_10,,, 
_f,<I',4 
-1 )-'f -(,,')-# 
--7".t -1'l1 -li2') -fHl .. ,, -421 
-~1,- -1;;:;' "'1),1 "': -t !I) - ~1-l ... .1.1"1 -11'1 -13111 -11';4 
-U. 
-if' .~, ... .. ~ 17 
-'Q _"1 -." .. -.1 > _on 
;.1~ >Il H.:. ;,-) 
.2 ... 0 "'~~ .. 2"l2 _t'l) 
..... 31 
.... 'Otl -<12 -;;4;) 
-'iPe, ... 41"1'10 ., .... 
"'b~1 ... t) lZ -I!.'-~ 
"''itt>;; .. ,.7t' .. ,,4,,$ 
-1-"> - ~7'" 
-ZiH -I()q _H''l _:It. 
-! ''-' 
-'lOq -4~~ -»,1"- _-,,;''1' 
-to11 -1'$l _117 -4:)1 
-", .. ., 
-"'lr, -t,,42 ... 1 .... 1 - -~?''? 
,..;~" -12! --1")1 -~~ } "!H 
-t.O; -.. , -1 \I. _i.f* -l{. 
X8 .~ xlC <11 X\2 
"' 
30 31 n 2 
1< S6 47 ,. 2 
13 7~ 56 57 C 
• 97 •• 02 -7 
3 90 57 n -Ie 
-22 5' 04 
" 
-6 , 
.7 03 73 -7 
12 I". .C lCo -> 
Z 9, 50 7' -4 
-18 62 4. .. C 
-20 47 '4 3b -2 
Y5 Y6 Y7 YO Y' 
on. -342 -2 -HZ -302 
-311 
-7"., -5P. -lQ~l -045 
-491 -10,,, 
-151 -14161 -10]6 
-124 -lZRP -<;eq -11 •• -\S01 
-51')0 -lO'lO 
-Il' -IS2! -I1S. 
-145 -Slq •• -81 ! -4b] -'I~ -lOSb -143 "'1<lti:3 -1131 
-140 -1 ?tOl. 
-2e" -\Tn -1614 
-S03 -lOQ5 -IU -1~31 -119] 
-137 -':i2~ '5 ... ·~Hq -Itb8 
-ZI "'154 <c -2e3 "212 
SZ 53 S4 S~ 5. 
--' -20' -91 -10 -129 -1~5 -419 -ZZ~ -14. -u? 
-237 ->91 -lao -2.&2 "'448 
-26q -lOl~ -Z11 -47, 
-51' 
-2:?6 .~Q' -2.&4 ->(5 -415 
-IS4 -H'P -1J2 -.. -Z14 
-25' -7.1 -Z7t -,~e -45f:! 
-160 -lC9Q -2H -4f!C -Sl~ 
-1.5 -~Z2 -2t!'! -3C~ -4~1 
-U' -!11 -14Z -52 -ne 
























































































































TABLE B3 CONTINUED 
EL~Ioi!F.rlT 21 U'lLlE .... lCT!q-~ T. $T~.\I".; ,":"""llttb.' .. ) jTH.E S~ ME:.'t Vr.LU'- ' .. ['If'llftr.UAl VALUES OF 
T, Ii(.,.. e. _~.8 ~:9 X) <, " X5 ,. .1 .. '9 XlO X11 XI2 XU XI4 Xl5 XI6 xn -12~.53 ·3.7 , -1 1 -1 -. -. -, -1 -n -4 -9 -I a -'l ·18 
-i:66 .. Rt: 2.0 .210.3 17.5 11 12 0 -2 • 2 -1 -10 -9 2 -4 5 -I 0 -16 6.1 -326.1 2'1 •• 1, l' 
-'. 5 3 2 • -3 19 -1 13 -1 9 -. 8 -n 9.2 
-""1.' 30.9 1 , n -1 12 -1 11 0 14 -, n -11 26 -J 10 -9 U -Z8 
5.4 -341.1 24 •• 2') a -1 -. -, 2 -1 25 -s 15 -, 5 -8 Z -z. 
1.1 _113.· 23.5 
" 
22 -1 -10 -1 a 2 -3 10 -4 -I 
-. 3 -1. 6.3 -335.1 2 ... , > ?c -12 lZ -7 -1 9 -2 21 -1\ 25 -2 9 -II 13 -29 
7.8 -""8.6 28.5 l'I 26 -10 ~ 2 7 -2 Z' -, 2C -5 8 -. " 
-26 
--41)1.46 6.' -338.6 25.4 10 24 -~ -2 " a " -2 31 -'J 17 ~1 10 -8 3 -Z2 -12'1.6'i1 2.6 _116.7 17.1 27 -b q -6 5 , 5 -1 13 -. 2 -4 3 -10 
-1 .. 6') 0.0 -9.3 12:.1 l' -2 -3 -1 -6 , 0 -, -3 II -2 2 -1 • -3 
x 1< x 1'. x20 <21 x; ~ 'l...t4 Yl V2 Y3 V4 v5 Yb v1 ve V9 no YII YIZ Y13 Y14 
-n -2 -', -7 , 3 -4 -kO -9b -15 -115 -313 -lCO -IS'" -7. -ll2 -.. -120 -67 -121 
-, II 7 14 5 -HZ -lPl -1:;'4 -1~9 
-"" 
-\64 -15'1 -171 -l7e -123 -223 -151 -232 
-1 21 11 42 19 -2"_~ -283 -2''11 -3e2 -172 -2tlO -539 -26.8 -2&7 -190 -329 -240 -3&3 
, ;:'J , ," L,;: 14 -3·"'0 -'Bi -3?? -42~ -2'39 -;f:lO -142 -6'7'1: -:He -3&5 -206 -429 -339 -.80 
-7 20 -, 11 '1'1 14 -3')'3 -:nb -2:90 -315 -177 -2'92 -P3 -57. -2'2 -Z64 -n5 -338 -250 -35' 
-24 J 1 ? I 5 -Fl1 -81 -16 -lOS -40 -A7 17 -208 -91 
-'4 -52 -108 -60 -loa 
-I 11 12 :7 to -2.~'-l -304 -181 -281 -91 -'55:7 -29.1 -2b9 -198 -312 -241 -358 
1 1G n (~n H -3-:~ -422 -393 -133 -713 -377 -3to -270 -4"'4 -336 --'.17 
C [2 17 
'" 
12 -2:71 -324 -2a7 -.,~ -5H -If!5 -215 -203 
-33' -2S1 -30' 
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-659 ... 21 -.569.5 41.1 -1.20.8 10 -1 
"" 
52 -20 1 -19 
-213.51 ..232.5 .20., .61.1 S' -21 :;.0 -B -2< 10 
-~51.44 -601.2 4,.1 _1,1.8 If 61 59 -1'5 20 9 
-1103 .. 03 -'J85.0 75.5 -1'1'1.5 -4,:, 50 13<'> 14q -36 .. 36 
-b')-::?b3 5'10.6 ~.4 .118.5 l' 
" 
100 so -l 17 -12 
-212 .. 97 190..2 24.7 -62.8 s. -17 4'. 1 10 -8 17 
-1.00 -8., 24.9 -12.6 47 -0 ; ~J 21 5a 16 5. 
x18 Xlq X20 '<2'1 X2.4 Vi Y? Vl Y4 
-2< -44 -:;C 11 -233 -12q -2::1 -153 
-.4 -32 50 
-51 " -33f. -441 -322 
-so N -74') -558 -104 -471 
-39 103 -lOf<h -718 -q87 -593 
-I' l? 127 -14t.{" -g42 -1340 -693 
-71 So - .. £''1 -562 ~H5 -403 
-59 , -377 -1130 -286 -130 
-52 71 -~"'1 -1?S~ -7')0 -440 
-1 i25 -14; 7 -lSg -IV34 -f,71', 
-65 b2 
-'n'" -571 -R2b -31i'i 







YlS va YZ2 YlJ Y24 
-H7 -118 -1C'~ -202 -284 
-472 
-2"'Q -::75 -425 -560 
-7 4 0 
-"15 -4(>0 -641 -::;0-1" 
-10501 -7c<'S -b2:J -305 -10,)q 
-1"54 -lo~ 1 -7CJl -1111 -12q7 
-S95 -'")~O -44~ -6P7 _P:')~ 
-314 -144 -1;,2 -24" -2<:)2 
- )91 -::>4Q -40::4 -661 -8'03 
"1451 -1024 -'J"tl- -3A':;o - ~ ~:; -1 'J ~ 1 -7 .. ') -111 4 -12~ 1 
-401 ~4' l -5'32 -437 -tl"S".i -7g6 
-313 
-1'." -141 -101 -73'5 -2gb 















X9 XlO XI! XI2 Xl~3 Xi' 
22 72 3. 39 
32 84 .~ 78 
113 47 1a 91 100 
180 48 a. II. 125 
241 52 '0 141 131 
150 tl a6 125 14 
83 12 43 .0 14 
140 78 13 13. 80 
260 51 .0 14. 131 
16;! 6. e. 127 13 
95 19 41 91 a 














52 53 S4 56 51 S8 
-22 -121 -323 
-42 -255 -529 
-lOt: -383 -121 
-153 -516 -890 
-185 -ob5 -1041 
-95 -463 -688 
3 -212 -333 
-9Z -442 -70b 
-IS9 -bB2 -1041 
-8l "~S5 -692 
4 -229 -32~ 


























































































































El.EMENT 12' Ul'40Elt ACTlD!4 T. f._/"",,,r ... ;,,,) STRESS MEAN .'LUES PJDlvIDU'-l vAluES r.' STRAIN 
-1; ~Jl~ -1~1..9 2~' ...,'t!, Xl :<2 <4 <5 X6 x7 xa X9 Xl0 Xli X12 XU X14 X15 Xl. XU -213.02 51 5 -38 10 13 -3 -21 13 11 16 23 53 85 74 0 
-"iS8.18 ~.7 ~., -9.2 . , 53 -47 12 63 21 -5 11 25 27 42 .5 14' 105 31 
,.651.56 _~.8 53.-1 -~.O 100 10 -23 25 .a 82 -19 15 45 .. B 50 7. 157 1M .0 
-BR2.06 _~.4 69,2 _~.1 II' 19 -8 J? 130 137 63 -40 2 54 59 57 18 17. 146 9. 
-1106.60 -105.0 89.9 _"'.4 42 73 ,.7 204 •• -50 -4 14 78 51 88 198 151 126 
-660.&3 .AoU.5 64.8 _1'., -, -21 42 111 134 49 -6 20 
" 
52 6. 85 21. 116 84 
-213.82 -127.3 39.2 66,2 55 21 -38 23 43 15 20 11 2. 55 11 13 .0 177 55 ,. 
-'5 •• 10 -401.6 66.4 -31., 97 12::- a .0 100 131 4. 21 24 S. 54 84 77 214 123 72 
-1104 .. 64 -?OZ.1 95.1 _121.2 130 236 46 162 :;'22 104 -21 3 7C 8. 66 90 232 141 148 
-660.83 .Ao".1 68.' -,8.0 95 13? 0 53 109 138 48 10 16 72 .. 81 B3 234 107 91 
-214.11 -129.8 4,., 10.9 40 30 -31 41 43 75 2. 79 32 52 11 85 55 lBl 51 2. 
-1.65 1., ~.o ,2,., 11 e -2t: 31 42 58 29 124 32 33 0 5. 1 99 -5 31 
XIS Xl9 X20 ;(21 1.22 VI '2 Y3 Y4 Y5 Vb Y7 Ye Y' Y10 Yll vl2 Y13 Vl4 
61 .2 .-
, 25 -105 8 -260 -61 -119 -144 -114 -20 -113 -1.2 -113 -103 
118 83 lOb 13 13 -274 -4 '-:532 -143 -305 -2~5 -29,1 -60 -392 -H5 -236 -18. 
17. 103 144 31 43 ~45~ -4' -763 -222 -470 -416 -489 -109 -579 -3~4 -405 -295 
Z29 131 l~b ,< 53 -1001 -,296 -677 -563 -121 -149 -197 -412 -614 -)83 
zet:! 1" 1<:]13 163 55 79 -ll7A -345 -1i24 -669 -991 ·-160 -1049 -443 -854 -431 
209 128 103 liz 74 -6 -87" -155 -5e7 -4C7 -591 -23 -694 -267 -489 -207 
130 6. 12R 02 7 -'n -90 • -.241 -lC~ -218 14 -303 -., -150 -5 197 1-0 160 91 50 1 -31'l -168 -542 -3~B -54a -42 -66f> -292 -463 -230 
2.3 In 1% SO 77 2R -4~1 -326 -~39 -64A -1000 -142 -1094 -417 -859 -401 
212 143 17- 1 ? -3 16 -288 -455 -154 -be3 -3C;7 -584 -5 -110 -250 -495 -194 
126 91 13< <')'1 0 -~g -1 -elJ -148 • -254 -109 -223 89 -318 -55 -14' -1 7. 76 72 f:l.'i 13 12 27 52 -1 59 -86 ,b -BS s5 -85 65 -17 13 
Yl1 Yl~, Y' 0 Y22 Y23 Y24 51 54 55 58 59 510 Sl1 
-1(:.9 -.J,.f1 -1&6 -4 P -165 -128 76 -279 -se -100 -18 -.1 -58 
-356 
-1'.5 -35~ -122 -355 -271 47R -480 -43 -293 -91 -37 -330 
-555 -2"-[, -')3« -:nl') -lg6 -56B -414 496 -533 -122 -407 -9. -51 "'464 
-772 -36 ..... -73q -;:,42 -2B3 -543 450 -sse -2.H -536 -114 -50 "612 
-lOU~ _4~'1 -944 -SlE -723 -6tl3 lb9 -891 -597 -343 -642 "'114 -36 -713 
-594 -2 .. 6 -5>:)';1 -3i L -40'9: -37') 512 412 -739 -487 -60 -409 -58 -IS -652 
-284 -be -F~1j -1I5 313 -622 -327 -168 4 -468 
-624 -3'51 -';;72- _7-:;4 -41)0 372 -791 -498 -399 -50 -Set 
-1125 -S93 -1013 -4::>2 -72fl 446 341 -1002 -587 -64./t -82 -198 
-710- -325 -~p, -31::' -40S 613 40B -'HI) -477 -311 -401 -39 -664 
-293 -bO -252 _'1':' -11>1 737 35e -6~O -84 -169 I' 42 -417 
-103 .0 -14 -34 .,) -4 -6 -41 33 799 160 -50e -1 -6. 50 123 -'15 
512 $13 SIll', ::1 ':'! 51(, 
1< ge 201 -1]3 -1&':) 9. 3~5 -6",;!' -23'1 
100 LOR 
-" ..... 1 -2"6 
10. --, _07 -9'b 
130 -174 409 -110,:> 







TABLE 83 CONTINUED 
fLEI-IENT 13 ' V'lOe~ aCTIrn 1; 
S;HESS M=~'I ""'LUES vAtuf$. OF STIUJr.. (_."""s;" .. ;"') 
7"j .111"" .... ii.s ... ·X x3 >.4 X> X6 X7 xa Xq flC X11 X12 X13 x14 X15 X16 X17 -llZ.13 _16Z.8 ..28.8 C ~3:) -4 -17 33 42 10 11 -19 61 -32 40 -25 72 58 66 
-43e.09 
-YlS.1 28.6 ,-».7 35 -40 29 -9 69 '5 44 49 1 111. -4' 62 -35 135 95 95 
-o5B .. 06 
-545.0 47.2 -71.6 1;7 -p P 10 H 98 15 13. -51 48 -2. lSl 136 108 
-BB1.31 
-760.5 6/;.4 -119.7 In ;J 12b 37 lOS 89 24 138 -51 33 -23 155 156 III 
-01')3.17 
-567.3 6Z.3 -84.1 23":0. 120 1':: no 31 lC6 91 12C 0 1 .. -90 42 -.2 153 151 112 
-214.24 -171.1 39.0 -34.6 4' 10 67 59 -., 122 -9' 63 -55 151 68 116 
-b'i9.tl4 
-555.' 61.7 -100.1 r:l .. Ie 102 17 11 131 -49 '7 -39 165 137 119 
-8.133 .. 29 -761.2 79.7 -'30.5 2 6~~ 5_ 1," 34 13' 
"' 
133 35 139 -50 23 155 168 12' 
-662 .. 94 
-568.' 64.7 -96.6 21;: ?, 12' 23 125 &6 145 137 -) 159 -e, 32 15' 145 122 
-214 .. 01 
-172.1 39.6 .... 1.7 '/',' ,4 7 54 15 62 6' b4 96 -41 132 -110 61 -14 168 65 118 
-O.fl8 2., }4.2 _14., 
" 




-4 52 -51 22 -52 9' -4 8S 
X18 xu X20 x2 i X2t. Yl Y2 Y3 Y5 Y6 ye Y9 yl0 Yll H2 Yl3 n4 
-0 ,9 -32 n -2~'-J -24 -.'43 -115 -264 -78 -198 -198 -1607 
-33 "6 -65 
" 
50 -:;,4" 
-9' -520 -2t7 -576 -116 
-'53 -.59 -313 
-4& 130 -6. 7 -f 1 112 -712 -19'::1 -e U~ -4C7 -936 -259 -133 -716 -'36 
-23 2IJCf -q 32 •• 3 -1076 -20'1 -1197 -':i~7 -1391 -305 -1102 -1046 
-50' 
-32 196 -77 -2 11;:, -Info -lC9 -956 -352 -1132 .-134 -897 -852 -321 
-2 110 -sq -I.') 0 25 -3<':;':; 58 -;77 -.7 -431 28 -340 -331 -eo 
-24 171 -t::o (, 107 -R4A -15? -9C3 -352 -1059 -195 -841 -a2l -341 
-15 23) -71 -, -1132 -255 -lrn -4£8 -1455 -276 -U52 -1109 -455 
-25 204 -;;;f, Zi4 -"13 -Dr) -9')2 -35C -112'9 -110 -894 -863 -:326 
-1 115 -62 -2 -363 6' -390 -44 -436 33 -353 -343 -6. 
10 92 -14 -0 -~1 67 -"4 sa -lIt: az -102 1'9 -100 80 
yi5 VI6 Y2:3 V24 51 54 55 s. 57 S8 510 511 
-194 -1~0 -243 -207 2S s9 -n:1 -149 -144 -299 86 76 
-432 -3R9 -22;' -.lob? -~26 IB7 -425 -311 -214 63 44 
-730 -570 -:i<::>2 -720 -543 171 -611 -447 -417 19 31 -66 
-1124 -720 -t·13 -1016 -61:!B 101 -e12 -553 -615 -12 -41 -237 
-H4 -47, -316 -7b2 -4'17 247 -142 -401 -470 -594 60 57 -149 
-315 -9'3 -73 -24q -121 -4f;9 -121 -191 -360 123 261 HO 
-923 -49'5 -3Y~ -740 -504 69 -716 -405 -410 -617 42 91 -71 
-1163 -66? -'JV1 -4t>3 -10C~ -b51 -31 2GC -27(;: -526 -018 -694 -10 3 -216 
-'JO 1 -4f1~ -71~ -~1i-1 -7~9 -4,)0 254 -1t: 1 -399 -479 -615 10 -103 
-'314 
-07 -2 ~7 -24f' -7. -247 -132 321 -4Ef! -113 -199 ... 301 272 159 
-6) 07 -7 4\ -;1 ;;1') -37 21 -14 3~ 300 193 -16') 26) -317 07 -55 -191 276 254 
512 S l3 S 14 Sl, 
10 -'10 -1-:)4 _"!.' ,; -77 
13 -1'17 -3en 
-2 -354 -411 
2S -S4') -4l>3 
91 -315 -3~"i 
75 >1 -3l2 
51 -217 -411 
., 
-5i:l -421 _">"/7 




-211 -4t<, -f:~1:; 
TABLE B3 CONTINUED 
ElEJIo'ENT 21 ' U\J.D€i-I. f4f .. TIfr~;; 
STotE5S MFAN V'" L!J;; S r r'li"llvIOUAl VALuF:::. OF STRA,IN £,.,.;:'1"<31"0«4: .. ) 
'T, '''Ii .. e,.. i. Y;:t.z X2 X3 (4 X5 X. X7 X8 X9 Xle Xll X12 X13 x14 Xl. X11 
-210.b7 
-80.0 10.9 7 -7 II ,. 31 • -7 5. 7 39 -10 I. .9 a 
-43'3,,63 
-169., 21.1 9.1 20 25 3Z 39 55 46 -5 OJ 11 •• -21 31 • .6 -7 
-656 .. 40 
-261.8 ,,).4 0.5 q 42 52 14 73 49 4 le9 2. 37 -37 35 0 9' -23 
-B80.21 
-358.8 38.8 -3.1 90 47 ") 20 59 n • ,98 7. l' 12. 31 3. -6. 33 .... 113 -3 • 
-1102.10 
-455.0 1tS.3 _1.3 9, 04 B 2. R3 111 124 84 31 153 45 39 -83 33 -13 132 -39 
-651 .. 7? 
.210.9 33.2 -30.1 n ·6 42 1 30 9. • 9 86 37 125 3 • 4. -13 42 -5 109 -3' 
-Zi2.24 
-86.9 20.9 -30.1 91 13 11 -1 -8 -10 b2 31 13 24 3e -51 43 12 55 -17 
-6;7.56 
..;;(A.7 ~,.8 -i!7 .0 
" 
4. ....1) 13 35 53 62 29 121 20 46 -.7 43 1 103 -3' 
-1104.45 
-456.0 51.2 -4.0 17 64 18 61 11. 109 57 1 .. ., n -9. 31 -2' 14. -35 
-0'57 .. 94 
.2".3 33.8 -31.5 50 
" 
-1 23 '2 93 55 127 31 3. -83 .s -18 10. -29 
-212.0S 




-3.0 18.5 -58.2 90 10 15 -j 45 6. 58 3 18 12 -60 23 12 16 a 
Xl. Xl 'J XlC X21 {22 i2:j :(,4 Yl v5 V. V7 y, yo Yl0 vll Y12 Y13 Yl4 
-45 -6 ,> 16 -19 -73 -H -19 -50 -91 -54 -94 
-(-,,'3 2' 10 -1 ?1 3" -157 -144 -181 -Ie. -102 -115 -112 -197 
-70 55 25 if) 10 ::j 10 -235 -233 -291 -261 -156 -260 -170 -277 
-82 
"' 
5& "Z 2P '5 05 -313 -122 -404 -361 -217 -348 -227 -373 
-86 111 '1 5-:' 3" 03 12q -3ea -413 -459 -419 -512 -442 .... 273 ... 434 -289 -464 
-'3 
'" 
,7 10 >1 M -213 -236 -2<:1q -231 -223 -214 -2=8 -305 -254 -152 -250 -156 -274 
-55 11 
'" 
.2 .3 -57 -74 -10<1 -leo -55 -105 -.2 -,1 -79 -44 -16 
-83 
'" 
07 10 41 -215 -234 -2Eo; -2ea -3C6 -251 -156 -251 -165 -272 
-86 
'" 
14 ;",'1 -386 -379 -457 -41<:1 -515 -426 -256 .... 425 -268 -455 
-102 16 41 24 :~ j 60 -)30 -221 -293 -223 -221 -2g0 -314 -241 -148 -247 -1St, -270 
-63 TIj. 11 c. 20 -112 -65 -104 -16 -57 -111 -110 -50 -32 -70 -3. -11 
-15 41 ~'> 13 14 11> -;'t> -17 23 -3 5 15 -40 -22 22 19 10 10 a 
V15 V," Yl7 51 S2 53 54 so S. 51 sa 59 510 511 
-.., ... 
-10? -7' -2 4 -63 
" 
-.4 -42 -9. 0 -12 -35 
-151 -22:") -6 -1 -07 -3 -116 -20e 9 -10 -71 
-2"54 -13~ 3 -144 -ll -1'14 -314 9 -19 -102 
-35'1 -46-:; -193 -62 -263 -418 -3 -41 -134 
-470 -SA.3 -44" -53 -235 -81 -;19 -515 -26 -63 -1.2 
-2f.l3 -3,,)4 -21) -410 -15 -15t. -zs -269 -329 65 -5 -105 
-100 -11'1 -10£ -1 -161 36 ?l -aq 20 -us -53 -194 159 41 -44 
-214 -3~ d 
- 210 -4$'1 -9 7 -241:; -DC -253 75 -In 
-4Bll: 
-out.> -45'3 -~17 -,,7 -35 -3'5 -219 -334 -21 -170 
-2~9 -361 -:1~ -171:! -24~ -3'53 ~4t'JB -25 -u -112 -22 -134 -219 -309 73 -I" -117 
-105 -123 -H~Q -td 
-" 
-42 -143 3" 19 -95 33 -4. -241 -118 186 47 -57 
-27 -ll _7 , 1 _31< 62 22 -37 
'" 
C -174 -31 219 63 -3 
S 12 S13 S14 'lh 
-44 
-20 - ;" -'01'1 
-10Q 
-" -11'1 
-lb4 -1.)4 -145 
-l2S -11(1 -2.("6 
-2q6 
-41·" 
-1&2 -?':l.? -?OF 
-" 
- .;, -11)3-
-1'53 -u,'!, -?'lZ 
-325 
-2'1'" 
-un -2,,1 -1 'lA 
_,,1,1 _ ,. 
-2 I ~27 
TABLE B3 CONTINUED 
ELEMENT <2'. UNDER ACTtO"J 11 ST'H.I I'll ( ... ;_11+ ....... ) STRESS ;.tEA\! V4lU::;S J'10 IIJIDUJI l VALUES aF 
T,/VIM e. 
16.? 
y •• u 
" 
<3 X4 <5 .. '7 '8 X9 XI0 X11 X12 X13 Xl4 X15 Xl. '17 
-210.24 ~117.6 ..a., 29 1 " 0 -5 -7 0 -< 32 101 29 60 Ib 47 11 -2 4 -4 
-35'3. '35 
.c6,.1 24.9 -1.6 3< zq -17 -4 78 150 28 9. 15 97 23 24 7 -2. 
-hS5.4F1 
.... 12.6 35.2 -11.2 41 41 33 -15 -3 120 205 40 132 10 142 33 55 -9 -23 
-SAO .. 41 
-566.1 49.7 ..a,.4 61 57 67 -4' e -:n 5 172 244 .1 171 10 181 42 89 -19 -13 
-1113.C1 
-729.} 62.6 -}}.o 70 81 102 -44 17 -44 15 221 277 5. 2C7 12 21' 44 121 -4. 2 
-&60 .. 67 
-+}O.4 42.0 -'2..7 SO 5, .5 -40 16 -2t:! -23 123 246 .. 1<. -. 161 40 92 -21 -6 
-214.41 
_1}4.6 24.6 21.1 5" .- 20 15 -26 37 164 12 10, -21 80 23 53 18 -4 
-6511 .. 31 
.... "., 4'.5 -'''.7 74 ., 5' 10 0 12, 237 40 1<0 -2 16' 32 94 1 -3 
-1108.80 
-72,.0 66.0 -}s.7 ~<t 71 111 29 15 222 291 to 214 19 232 . 62 131 -'8 5 
-660.63 
...It28.4 44.4 7.7 52 67 14 -23 -21 128 254 53 113 -11 172 50 104 -17 -. 
-212.85 
-1}}.5 2}.6 21.7 oJ 45 2'< 20 -7 -27 29 Ib7 101 -18 89 31 5' 15 -2 
-O.b'9 0 16.6 16., 52 jq 34 -1 4, -9 -b 10 51 42 -20 34 15 42 6 26 
Xl,;q X19 X21 ,a2 X2 ~ '2 4 VI Y2 YO Y4 Y5' Y6 Y7 ye yg YlO Yll Yl2 Yl' Yl4 
5 14 21 
" 
10 -iH -82 -15Q -117 -92 -8:1 -110 -IC6 -147 -91 -127 -lll -1l8 -101 
_4 
'0 -II> P 3S M -l1B -331 -lel -225 -203 -203 -211 -33") -18<) -271 -236 -258 -216 
-4 78 -23 3'" 52 Ql -21)0 -4813 -"'10 -36-'1 -336 -414 -t.=C -51-'1 -295 -425 -3b4 -390 -346 
• 110 -11 ' , 70 ->.51 -41.6 -6<'Q -Sf:] -50) -472 -51q -bC~ -10e -3'98 -5'-'8 -4Sb -5l-'t -476 25 145 1'. 9r, -is 193 -"55Q -Hf: -ben -647 -618 -751 -7e? -910 -517 -1C1 ... 620 -6A9 -609 
-31 ',9 0" ;b -13 104 -2~A -4~h -Ion -no -352 -442 -459 -5$3 -216 -4!iS -349 -397 ... 3-'14 
-I. 30 
" 
10 -7 2. -59 -171 -Ill -117 -88 -141 -141 -2el -50 -161 -92 -140 -100 
-6 ';0 -ll "n 65 -0 102 -2~t. ~ ... ~o -4C1 -368 -350 -425 -"'=8 -5<.C -260 --'129 -352 -389 -337 
16 IS' ;') 10'; -13 106 -55b -A02 -706 -641 -150 -<jet: -~C2 -703 -603 -644 -590 
-31 96 -,l 51 -1.2 101 -3b6 -29f:o -4'n -40<) -312 -4t. ... -551 -216 -432 -350 -394 -340 
-27 2<;1 >r, 11 -17 21 -iHi -idO -106 -lC6 -!l~ -1.35 -lee -53 -1t>4- -6' -B8 -02 
-zo 11 -1 P 14 7 12 -11 29 7 -1 -20 35 -10 I. -~ 19 
Yl5 Ylo YI1 )'1 ~ Y1Q 'r'20 Y21 Y22 Y!3 Y24 S 1 S2 53 $4 S5 5. S1 sa 59 510 511 
-10" -122 -155 -113 -116 -5f' -103 -20 -30 -89 -61 -91 
-276 -26-'5 -320 -211 -28 4 -119 -233 -114 -103 -146 -123 -151 
-410 --441 -1,Qz -41't -:"l)t> -.>32 -411 -4 4 3 -451 -221 -145 -313 -232 -169 -203 -169 -230 
-1)64 -0 j1 -S5b -403 -r;.2'l -621 -H7 -218 -50li -375 -230 -245 -234 -289 
-F;44 -1.~4 -7P -'j-~7 -774 -RDR 
-4'J'" -219 -65A -'517 -315 -294 -321 -362 
-"'31 -477 -";25 -471 -31·5 -511 -t.1Q -41"3 -252 -350 -1 e -lee -393 -306 -134 -225 -190 -181 
-1t.6 -125 -2C3 -l3n -11 -lQ1 -l1P -7. -5C -44 -115 -63 9 -\29 -49 -1 
-429 -453 -50iil -4t,2 -4.2=) -32"> _"41) -48('1 -30'5 -&, -154 -375 -258 -151 -206 -\62 -118 
-72t:1 
-83b -8"37 -B2'> -]24 -'574- -189 -1}12 -901 -;44 -26 -2(:.2 -64t. -529 -30B -298 -313 
-33' 
-435 -47? -516 -46'" -3[~5 -505 -';)75 -1)00 -251 -350 -ll -11 -1~f1 -375 -30S -129 -223 -188 -179 
-1.40", 
-H" -ZC3 -12'j -~f) -209 -1'~h -117 -:H: -n 44 -43 -IS -112 -79 -5 -136 -50 -1 
-24 -15 -3'2 n -Hi :;5 -ll -IS 
-" 29 2' 42 '8 14 0 -31 2. -28 31 63 
SI2 513 







-ZbZ -4~~ -S7iJ 
" -165 -;::qe _(.J;'" 3' 
-51 -Zt -17 -211..- 17 
0 31 -11 -'n '-'. 
l'A8LE83 CONTINUED 
ZLEME~r 23 UNDER aCTIO:~ 'T, 
,,..;t('IIJd"",. .... ) STRESS MEAN VA.LUES INDIVIDUAL VALUES OF STRAIN 
1". Jf,/;,. £.. 2P.~ " .. Xl '3 X4 X5 X. Xl XB x. XIO x11 Xl, X13 X14 XU Xl6 X17 -211. 55 -'~.2 ~.7 51 44 34 23 101 3' -5 65 31 114 -11 135 3 11 47 34 
-43Z.'B3 
_,".4 51.~ -24., 71 11 P1 15. 79 41 146 I" leO -46 21' 10 30 89 S1 
-'6-57.49 
..(iC9.7 71.6 -6.0 .. 120 141 210 120 90 204 -2 240 . -63 290 2 4. 101 63 
-8~ O. 64 
..au." 95.2 3.9 iD 1.1 211 255 151 135 253 -\Z 293 -I CO H. 2 15 129 7. 
-1103.<'1 
-101+1.0 117.9 18.8 151 2L3 211 313 119 202 -3. 345 -116 394 7 10-6 149 as 
-656 .. 55 ~.7 83.' >.7.9 141 130 23B 20' 162 131 -21 256 -65 312 4 66 lZ5 57 
-215.12 ~1.' ...... , 50.6 101 6' 141 n 90 58 5 12B -23 171 7 -2 69 33 
-e57.44 
.017.8 83.3 ,...1 123 134 203 224 13B loa -10 2.1 -69 291 14 59 US 70 
-1102.16 
-1036.8 1>.7.4 36.1 245 291 327 19B 211 -42 345 -109 3.8 16 114 115 10< 
-660.40 
.oY/.3 87.7 "7 •• 140 24, 21" 168 135 -2' 260 -79 2' • . 1. 73 139 65 
-220.6 ..e.7 59.5 104 .. 100 150 >9 101 15 134 -1. 162 18 5 •• '1 
-16.3 ",.4 ?!I.a 
" 
t? 73 16 107 16 49 85 33 • 23 I' -28 63 2. 
x I. X20 X2l '<2'3 X24 VI Y3 v. v5 '6 V7 va Y9 VI0 Yll Vl2 Vl3 n. 
32 3 15 -.),,; -eo -15q -198 -213 -237 -lB5 -106 -95 -189 -103 -Z15 -192 -26. -311 
6. 4 5 -13 -q~ -343 -403 -361 -215 -228 -1,,26 -ZOIt -1t32 -:319 
-". -590 
-63 8S 32 -zo -129 -bIb -531 -4t!0 -409 -6e2 -342 -661 -553 -807 -859 
-Z9 e7 -2t:J -839 -685 -.099 -511 ,-939 -48& -911 -122 -10&0 -1107 
-2 118 3> -39 -10f;)Q -832 -933 -142 -1216 -636 -1187 -B70 -1370 -UIT 
-.; b. -17 . -3'1 -025 -506 -4'99 -394 -6Bl -300 -112 -555 -886 -909 
-3 12 2. -04 10 -225 -2C2 -352 -124 -0 -2~7 -3' -250 -210 -382 -416 
-Z' 70 61 -4 -IS -62tl -574 -83. -511 -381 -704 -31. -698 -538 -853 -901 
19 1'2 137 '-)13 -21 -1071 -9C3 -1368 -941 -732 -1202 -631 -1186 -869 -1358 -1321 
-27 a1 71 _7 -1;<50 -').71 -8ftl -529 -'394 -691 -305 -124t -550 -908 -925 
3 15 32 -":>1 -232 -lqt) -351 -135 -0 -231 -11 -250 -201 -386 -420 
73 -is 37 _4'!' 43 
-" 
17 -24 I -14 44 41 -32 57 -14 3 -69 -91 
V17 YU Y21 V22 Y23 52 54 55 56 57 58 S. 510 511 
-248 -12G- -;.24 -351 -191 
-2' -212 -194 -88 .6 12 -90 -2 -16 
-seb -276 -611 -4115 25 -412 -451 -187 .2 -94 -194 11 -47 
-731 -4t>1l -~q1 52 -656 -be1 -280 14 -185 -326 -7 
-'0 
-940 -6o~ -1144 -170 -620 -932 -350 62 -219 -461" -28 -144 
-1141 -9QS -40 -918 .... 1161 -406 4. -359 -601 -56 -225 
-64& -7?i. -51., -6<;5 -B4t -23Z 216 -11t6 -3S5 I' -35 
-1::j6 
-322 -169 -345 -421 -50 286 16 -116 61 82 
-t:J3o -74"~ -565 160 -657 -7<;4 -214 IS5 -163 -312 23 -50 
-1140 
-lUD -(j89 1" 4B -400 -967 -1193 -315 11 -b18 -43 -212 
-6'59 -1J9 -1579 117 123 -264 -696 -AS!! -20e 236 .... 1,,12 20 -34 
-19'1 -321 -173 326 182 -175 -339 -450 -4. 315 -lao 66 '5 
-2. -35- -48 411 171 -101 -81 -zCs -9 212 -98 72 .7 
HZ 513 514 S1 ':> 511) 
-, -1.11 
-9" 
2'; -373 -210 
-7 -'H1 -15, 
-.7 -74-; -491 
-146 -rlf>? 
54 
-67 69 152 
-2').1 
-132 
" -436 -403 -122 
-269 -144 .7 
-69 01 151 
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1: ,./ ... e. £, _16~1 Xl X2 x3 .. x5 X6 x7 xe X9 Xle Xli Xl2 x13 X14 XlS Xlb XI1 -213.27 -85., 1:!.O 32 -5 1" 2 27 -1 32 e '9 3 5. -5 44 -2 0 1 14 
·436.60 
-'l?Ei.4 ".9 -22.6 5e -11 37 -26 4. -28 62 20 51 e 81 -. 74 -5 0 I 8 
-61>0.94 ..iO!6I<.o 2".9 ~l.7 87 ~1 56 -'3 78 -49 ·2 33 61 , lCO 2 9' -, I e • 
-81.)4.73 -,,.,.7 29.6 -26.8 115 7 71 -5. 102 -B4 120 48 75 -5 123 a 113 -20 7 -5 4 
-6~2.40 
-269.0 24.7 -19.0 8, 3 53 -'3 78 -54 98 45 77 3 la' 4 95 -3 
" 
0 0 
-214.97 -91~ J.4 -1.9 35 2 22 -28 2. -21 31 e 51 0 59 -. 5. -I. 3 -I, • 
·063 .. 26 «2111.7 .It .;!4~ 8' 12 50 -48 72 -5' .6 43 .6 • 103 9 96 -3 4 -1 10 
-.eet;.74 
·360.0 ".7 -26.9 10~ 30 .6 -43 101 -72 121 .5 70 3 125 12 115 ~e 7 1 0 
-obl.40 
-268.0 26." -21.1 e3 22 5, -35 73 -51 9, 52 ., 12 102 1. n -3 -1 2 4 
-213.50 
.1)10." 12.8 -10.0 .2 11 30 -25 3I -. 3. 18 <4 5 60 7 55 -8 9 -10 21 
Xl8 xZl xz, X23 X2' VI '2 V4 V5 V6 V7 V. V9 YlO Yll Yl2 Vl, VI4 
-. n 1 -to -52 -64 -57 -62 -71 -69 -101 -95 -139 
-. 2' 5 -2 -12B --140 -126 -146 -152 -140 -160 -In -272 
23 b. 11 22 -212 -204 -1174 -236 -233 -220 -275 -277 -384 
41 88 32 '5 -298 -301 .0.287 ":328 -323 -293 -,7e -351 -505 
25 67 I. 27 -218 -20b -195 -237 -235 -223 -2e, -2eo -,91 
-2 11 -0 0 -5'1 -5S 
-5' -11 -14 -10 -96 -112 -1.6 
26 65 q 2P -211 -202 -1~" -239 -230 -21a -276 -275 -391 
60 103 31 62 -297 -293- -2B1 -334 -314 -298 -363 -'62 -500 
3. 75 9 34 -211 -191 -191 -242 -232 -225 -263 -285 
-3.' 
0 -21 10 -b -2 -63 -41 -<4 -61 -bS -11 ~9. -Ill -14. 
"1 " Y2fJ "21 "22 Y23 53 
" 
55 56 51 5e 59 510 
-71 -1e. -104 -154 -59 • -99 -39 -48 -'0 -20 -30 ~2a 
-157 -166- -196 -2'<4 -154 -s ., -113 -El -1Gb -10e -61 -61 
-4t 
-242 ... 241 -276 -401 -238 , 11 -242 -146 -159 -198 -147 -95 
-'4 
-33b -332 -34B -.,U! -343 4 2" -322 -192 -202 -2ac-; -204 -131 -65 
-24P -265 -218 -4:'>2 -238 ., 21 -25t -136 -151 -194 -141 -115 -54 
-'31 -lOb -111 -193 -60 12 16 -99 -26 -.0 -40 -19 -51 -34 
-241 -2')5 -211 --'olE'- -236 24 22 ""255 -143 -153 -202 -149 -104 -42 
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... , Xl <~ x, X4 X5 x. X7 xa xq xle xu Xl2 X13 X14 XI5 Xlb ~n 
-212.39 
-'0'.6 14.1 -28., 25 0 0 -42 42 97 17 31 -24 n -26 43 4 98 -ib 
-433.55 
-2211.6 .5.5 -",.7 a 34 -I> -34 57 142' 4. 54 -22 42 -19 45 39 1~1 -4 
-ilS'> .. 61 
-"5.7 ",.6 -52.2 II 76 -25 74 3 17' 76 52 -15 41 -8 39 78 Ib5 17 
... e~ 1. 19 
./091.8 "9., -76.0 26 121 I 83 35 221 101 46 -5 39 4 28 110 182 44 
-1102. ]4 
.&2..2 6.2., -88.2 37 172 -15 19 .5 68 259 135 42 6 25 10 Ib Us 19. bI 
-bol.413 
-':111.6 41.1 -'<6.4 11 101 -14 2 27 184 93 5t -1 28 10 29 93 15~ 38 
-213 .. 0Q 
-"'.2 19.6 -8.0 n -10 29 -4 -12 2 114 39 35 -3 17 0 35 .9 80 1 
-b5~.7a 
-36.:>.9 40.4 -"2.1 100 ~ 91 -12 -, lb 19, 89 53 -5 30 b 32 81 15. H 
-1l(l4 .. 2tJ 
..&5.5 64.7 -89.6 l;,? 35 -zz 26 t6 271 14< 41 11 24 
" 
15 143 203 ... 
-659.94 
-365.2 "'.6 -;,8.9 1 DC; 19 -0 3 ,. 193 .. 58 0 25 11 27 91 Ibl 43 -21'~ .. 74 
-,'2.2 22.6 ..0.2 51 0 ,1 -2 -12 21 0 117 47 41 0 IS 1 35 32 97 11 
-2 .. 84 
-3.0 16.5 9.0 16 15 20 15 11 0 20 b4 12 16 18 14 23 20 23 24 -16 
XiS (19 X2C <21 <22 Yl Y3 Y5 ye Y'I yl0 Yll Y12 Y13 Yl4 
4 -15 3 -11 29 
-9' -73 -114 -116 -122 -85 -84 -71 -83 
-5 -12 , -3f'1 55 -4E -lIn -102 -264 -242 -248 -184 -le4 -163 -200 
-20 11 -2 eo -.0 -298 -251 -4C9 -373 -,83 -265 -299 -256 -317 
-25 24 -9 -,9 -f>2. "415 -42'3 -346 -546 -571 -514 -521 -3tH -399 -3b3 -455 
-;7 4. -4 -.:;<; -sa -533 -427 -740 -642 -661 -460 -513 -446 ... 590 
-33 13 -1' -04 -'i8 -303 -302 -2'30 -421 .... 38~ "394 -284 -290 "2~1 -332 
a -9 -6 -~2 -33 -62 -eo -62 -te7 -124 -127 -80 -64 -74 -81 
10 -14 -'>3. 7. -46 -296 -3CO -244 -416 -386 ... )85 -290 -283 -254 -320 
47 -14 11~ -4'i -<;36 -5.l,4 -425 -74t; -bbl -4al -511 -453 -594 
21 -17 -43 72 -'-3 -294 -291 -231 -421 -386- -Z19 -286 -254 -323 
3 -p -11 -41 ,. -:'fI -60 
-'1 -69 -.e -123 -86 -74 -75 -75 
31 -6 -11 11 0 40 -It) 35 -4 10 8 -6 -7 8 
-. 7 
Yl5 Yib S 1 S4 56 57 S8 59 510 .11 
-131 -147 -26 -21 -65 -101 -104 1 -30 -15 
-2~7 -30') -64 -69 -1~7 -254 -205 -2Q -80 -32 
-442 -4f1e. -6 0 3 -263 -362 -299 -41 -149 -52 
-r;i38 -63P -t}:34 -279 -385 -451 -397 -bl -213 -65 
-727 -U71 -3b5 -49(:- -531 -475 -61 -310 -83 
-4')6 -7~? -307 -223 -309 -328 -300 -57 -165 -59 
-itl'" -1';1 -27"1 -hI., -12, -59 -llO -101 -12 -28 -1' 
-3b'1 -1 '1S -336 -281 -51 -154 -61 
-hOO -361 -523 -<to9 -75 -301 -93 
-l,S~ -;':14 -2td -'";l.6S -211 -323 -26a -46 -161 -61 
-4' 
-6'" -130 -47 -114 -89 -9 -13 -21 
1 -10 ;4 27 -14 -35 24 19 15 21 -10 
S12 Sl :; :.1,",# 
---
3 -HI -11 
-37 -Jj:j 
-75 -J..~2 -QO 
-132 
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.. 1&/t~ EK 
,!! t., XI X2 X3 X4 X5 Xb X7 3.02 '.J 2'~ 2 2 7 -2 2 Z 4.67 2.0 1,1 26/_ 3 0 0 3 
9.09 O.S D.g 68.0 -j I 2 -3 0 
17.95 O.S -4.S Z19.7 
" 
-b 0 3 -7 -2 
26.52 -,.2 ..i6.z 1047.S 10 8 -e -2 1 -6 -17 
-0.02 ~.7 -S.9 86a.9 21 16 -11 0 1 -1 -14 
26.40 ~.6 ..a.S 1043.6 28 9 -15 -3 3 -3 -16 
X18 X19 X20 x21 ~22 X23 X24 Y1 Y2 y, Y4 
a 0 1 0 -3 4 -4 P -6 4 -4 
9 -1 -) 0 2 2 1 3 0 -2 
12 1 -10 -1 -7 5 4 -8 -6 
15 -9 -15 1 2 e 28 0 -33 8 
-3 -Z4 -35 13 -1 19 57 55 -54 F 
-17 -21 -18 15 10 1 45 20 -51 34 
-1 -21 -35 12 -4 16 00 42 -56 18 
VIS Ylb Vi7 VI' n9 Y2? Y21 Y22 Y23 Y24 51 
2 -7 -2 Ih 3 4 10 C -7 A 21 
0 -9 -2 -4 -1 16 -6 -10 6 22 
-23 0 2 1 1 12 2 -20 0 42 
-2 -40 IB 
-I" 0 -25 19 0 -53 -8 125 
-17 -50 14 -~7' 20 -05 15 -4 -105 -75 355 
-15 -16 -7 -42 -17 1 -16 0 -69 -31 276 
-14 -51 q -1'1'5 2 -45 17 -7 -104 -73 348 
512 S13 514 515 Sib 
-7 
-14 -17 -12 0 
-10 -20 -6 -1': -1 
-49 
-36 -24 -:il -12 
-246 -124 
-13" -16 -55 
-793 -57t! -700 -32P -293 
-tl05 -591 -5155 -271 -244 
-79Sl -5tJ4 -690 ~,:;>3 -299 
X8 X9 XI0 X11 XIZ 
-6 32 C Z 3 
-15 20 4 2 0 
-19 17 4 0 0 
-9 14 -4 -5 -9 
-21 16 -14 -17 -20 
-26 -11 -1 -17 8 
-12 -9 -14 -23 
Y5 Y6 Y7 VB V9 
5 12 6 -1 0 
8 2 2 0 -3 
12 0 3 0 -1 
20 -8 -2 -20 -2 
31 -ll 4 -12 36 
7 9 3 1 6 
30 -16 -5 -6 28 
52 53 54 55 56 
-7 22 18 22 11 
2 30 20 ;0 21 
7 48 44 61 52 
b6 153 195 171 239 
307 628 702 7ee 796 
266 536 587 592 616 
310 623 712 692 796 
Xl3 JU4 XU 
2 '7 .Ii 
1 S -1 
.Ii 5 -6 
6 11 -20 
9 12 -36 
6 5 -24 
8 17 -33 
no Yll Y12 
-5 6 15 
0 Ii 9 
-6 9 18 
-24 27 2 
-21i 46 3 
4 23 -Z8 
-Z3 47 1 
S7 S8 S9 
14 15 -IZ 
12 18 -19 
22 24 -37 
45 87 -99 
135 276 -2lil 
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TABLE B3 CONTINUED 
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f~J/., 
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B.14 
&:>0.. ~" 5''';.1 xl x2 K3 X4 X5 X6 
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11.6 B.3 356.7 
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17.5 16.9 1019.B 
16.1 19.5 B12.B 
20.4 24.6 1308.2 
26.2 31.5 4328.4 
30.5 32.3 10~7 



























~1.2 :;13 $,14 ..,1;' ',1, 
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-3~ -Qh _~4 -h7 -1 r 
-181 _:,7) -1'-'1 -,..; 
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·TAiJLE B3 .Q)N1·INUED 
11~ UNDER ACTION S 
STRA[N (,""';Y'r1'J~) J.!EAN VAUlES IND[V[DUAL VALUES OF 
t .. e= Y-s Xl Xc X3 X4 X5 x. X7 
1.1 0.1< ,0.9 2 7 6 0 0 6 
2.4 0.6 68.} 4 8 12 7 4 0 13 
2.1 
-1." 12.2.8 3 4 17 5 6 -. 26 1.1 ..,.0 241M I 10 16 1 7 -7 27 
2.6 -1.2 450.4 7 16 16 -2 7 -6 42 
1.4 -It.a ~.8 10 -2 24 -6 I 0 -3 
a.'1 -8.0 45}.1 5 20 18 
-. 10 -8 30 
-0.1 -20.5 1m.6 15 36 12 1 7 -11 22 
-}.9 -26.'1 »46.9 22 55 10 0 12 -5 10 
-).2 -)1.5 62"".5 26 65 26 16 18 -6 
XIS XIQ X20 X21 <22 '23 }(2.4 Yl Y2 Y3 Y4 
3 3 -6 5 -1 0 -6 -9 -8 4 20 
5 5 -B 4 0 -3 -5 -12 -9 2 27 
6 6 -6 b -1 -3 -12 -21 -8 • 25 5 9 -9 0 -13 -23 -55 -10 7 38 
16 11 -7 1 ') -1 -15 -23 -06 1 0 56 
-1 12 -/> n -8 0 -19 -34 -6 -3 28 
12 16 -5 14 0 -l~ -23 -71 -3 ? 35 
n 19 -20 22 -11 -lb -35 -124 -34 
" 
50 
4 22 -18 30 -4 -15 -42 -191 -81 28 46 
a 25 -13 37 15 -6 -40 -2~7 -143 43 48 
YI5 YI" Y17 vl.3 Ylg y2) YZI Y22 Y23 Y24 51 
7 12 -7 -17 -3 -2 -9 -3 -1 _7 10 
1 17 -13 -. -11 -5 0 2 Z7 
B 6 -Ig -7 -15 -;: -17 -1 -, 19 43 
14 7 -30 -~ -19 -20 _R -5 19 77 
20 19 -32 -8 -26 -19 -11 -, 25 15:3 
13 -17 -1'. -26 -15 -5 -4 -2 74 
19 12 -21 -31 -16 -23 1 14 139 
41 20 -.,c -65 -l~ -zq -;;'2 -4 16 431 
70 61 -71 -07 -97 -45 -16 -ten 17 19 1126 
114 15? -56 -)7 -106 -1~2 -10 -206 46 1<, 2078 
SI2 513 514 ~15 $10 
-18 -24 -26 
-40 
-" -.31. -24 
-59 -R7 -1:',9 
-36 
-144 
-171 -10? -09 
-270 -30') -17Z -132 
-214 -157 -227 -10'; -118 
-304 -187 -147 
-,s41 -490 -4!e'J 
-2104 -111)3 -1054 
-)q6? 
-215 7 -<~q5 
xe Xq XI0 Xli X12 
16 1 0 10 
9 0 1 13 
16 0 0 12 
17 3 0 2. 
6 8 -22 0 a 
14 6 4 4 7 
15 6 
-2 6 
-20 14 0 5 
-72 22 0 3 
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Y5 Y6 Y7 Ya Y9 
0 12 5 6 -2 
-3 12 9 e 1 
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-2 23 4 10 -3 
-3 20 e 15 3 
-6 I. 3 -1 18 
-13 15 9 0 3 
-11 19 7 -19 12 
9 26 30 -28 26 
19 47 47 -40 24 
52 53 54 55 56 
8 IS 42 21 29 
15 59 48 44 
17 97 so 
43 105 177 145 
102 207 3lA 337 315 
7<, 133 235 224 
94 220 346 315 
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22.04 8.4 -2.7 551.6 41 77 14 -I 0 a 22 7 5 -8 5 30 2 15 23 
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2 5 6 
" 
I -12 3 I -3 -12 0 Ie 0 22 15 -9 15 
2 -I 10 -3 -I 0 17 13 -7 10 -23 5 17 -6 14 11 -'5 17 
-p -;, 13 -10 -7 -n I" 7 -R 6 -36 11 24 -II 22 18 -8 19 
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-21 -11 -20 2? 14 - L~ -4 -?C 4~ 75 -6 33 -97 IE 85 -10 44 25 -44 
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-2 In -1 -?l 0 -22 -11 17 1 4Q 54 12 35 2 -25 5 ~38 
-15 21 -7 -6 -2 -5 54 77 4 S9 19 48 0 -40 -8 -76 
-13 -'> -, -4 -2] -24 9~ 1 , Ie 21. 40 80 -4 -80 -1 -186 
-9 1 -1~ -P -~)2 -71 -£.'5 132 
" 
17 265 72 97 17 -96 -23 -227 
-10 -F ni -10 -12 -F -3; -91 -70 20g 113 399 236 457 1'1 157 106 -lb4 -90 -388 
-? 4" -It:- -7 -40 
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~ n -40 1:'1 -6t. -&l. 
-"·2 -203 ~loO 55h S3h 12107 101, 140E 913 481 405 -398 -1260 
-3 ')5 -':.7 1 ) 1 -g~ .~ ;. -12'1 -".6 -34() 1226 14~1 301 B 2e50 3177 2328 1277 1216 -1264 -1104 -3021 
-24 105 -'1;; 2':<'7 -12 Q ?,!"( -i'17 -46 -400 2475 27C6 "419 4933 S7CS 4369 2458 2271 -2448 -2181 -55B8 
;12 Sl~ SIt, SIC Sh 
-44 1 ' 12 
-PI 11 -7, 
" 
-5 -1.: ~ -0 
-41 -4f. -I 
-152 -1-;"> -17£-
-10& -ll..L -1 ,,~ -l17 
-160 -4 ~ _2(') -l-n 
-8,,4 -IVI _'1"';: 
-7'," -~ to 1 














21 .. <;5 
::\3.23 
44.37 
SS .. 3~ 










































































: 'J1)I;; i:;u~l 
x\ 
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-1 ) ') 
,0 











-6 -37 -It, 
o - rl 
-"',;: -4 -PI') 
_-17 - p, - L 1 - n 
-7 
-46 -77 _"J"'- -1 
-16 
-1'H -, ) 
-41..1 -tL- - "->7 







CF $TR.\I"l l_;iV~fY..i ... ) 









































































































































































































































































































































































































































TABLE 83 CONTINUED 
ELeMENT 22:- UNDER ACTlJ'j S 
STRESS MEAN ~ALUES INDIVIDUAL VALUES OF STRAI N c...,;~,,) 
S ,ltlt;" e~ 
.. ~ .... Xl X2 X3 X4 X5 x6 X1 x6 X9 XI0 X11 X12 xu XII, X15 X16 K17 4.29 0.9 3I+.} -1 -1 3 1 4 -21 3 7 1 -3 '3 -9 3 3 2 14 "'i!> 
8.10 1.8 11.9 65.6 -2 -16 2 11 3 -27 4 4 12 a 3 -12 3 4 0 30 
13.24 2.2 6.8 108.8 -13 -14 4 17 0 -29 0 3 11 2 C -10 -5 5 4 52 
17.66 }.8 7.6 157.1 -1 -9 7 22 -4 -21 4 0 16 7 0 -8 -6 13 -2 63 
22.12 5.7 8.8 229.7 -12 5 19 . -2 -26 -2 0 16 6 5 -e 0 10 0 80 
0.0 2.5 8.8 92.8 3 7 19 -1 -36 0 -22 3 1 1 -12 10 6 -4 51 ,.,9 
22.12 ".5 7.0 225.6 -15 -4 1 19 -5 -1 -6 14 7 0 -9 -3 10 -3 78 0 
33.23 ".8 7.9 5}}.9 -13 14 3 25 -34 -19 -6 11 Ie -4 -8 -12 13 -10 94 ""14 66.44 9.0 2.6 390}." -29 35 15 50 -84 -19 -50 13 -9 12 -18 -1 -33 25 13 182 -102 
88.70 11.9 -16.} 891".6 -2b 62 20 70 -B4 -7 -66 19 -26 -2 -23 C -20 47 54 249 -231 
X18 X19 x2a X21 X22 X23 X24 VI Y2 Y3 Y4 Y5 Yb Y7 Ye Y9 no Yll VI2 YB YI4 
-4 15 0 -I.. 11 0 -3 9 19 4 -36 -3 3 17 3 1 -22 -1 0 2 -1 
1 0 2 I) ., 2- 3 40 6 51 0 23 26 10 0 11 -9 3 -5 13 
11 9 I) -1 9 1 3 -1 35 0 40 -4 9 19 9 1 -19 0 -9 12 
1 1 -2 -1 6 3 2 27 5 43 1 31 24 16 4 -20 12 -7 15 
6 5 3 -3 6 5 24 3 13 8 34 -1 42 23" 21 -3 -6 -29 31 -14 35 
-5 2 -4 1 9 17 16 19 41 11 14 -3 15 7 23 19 -16 1 28 16 12 
1 1~ 2 
" 
11 16 9 2,~ 11 18 -8 31 2 30 4 -45 -26 40 -13 29 
1 -5 6 -6 15 12 64 22 31' 26 41 -2 59 0 66 -5 -5 -53 62 -26 46 
-50 -68 3 14 AR 1,7 lq e ~5 -89 -141 163 -66 let:} -142 ll~ -'lC -42 106 -10 164 
-165 -93 4 42 121 102 250 50 -261 165 293 -105 155 -240 t9 -119 131 -11 253 
Yl5 no y 17 VIS Yi<3 Y20 Y21 Y22 Y23 Y24 51 52 53 S4 S, 51 S6 59 S10 sa 
1 15 7 13 12 17 9 14 -8 6 28 3 36 4 "2'J 13 34 20 -33 -3 -41 
-1 15 -6 If) 8 IB 11 19 -8 12 42 12 54 15 58 32 49 24 -47 -11 -63 
-6 17 -8 1 20 4 27 -10 22 61 21 89 42 71 53 72 26 -62 -24 -89 
-2 6 -17 -5 25 10 n -23 15 85 25 125 81 112 86 89 37 -71 -zz -133 
-2 11 -24 -9 -4 32 0 27 -35 24 III 46 174 132 153 115 113 50 -105 -73 -175 
-4 5 -7 -20 -5 23 -10 11 0 7 42 9 85 93 7~ 59 33 11 -18 -26 -34 
-11 11 -20 -; 29 0 28 -18 17 101 51 161 141 154 125 94 56 -99 -79 -154 
-7 15 -5, -2 -21 28 -19 19 -47 21 194 136, 366 381 34C 318 171 159 -180 -171 -322 
151 84 -174 10 -96 -15 -101 -31 -151 67 1095 1220 U20 2663 2536 2351 963 1111 -1015 -1263 -2500 
275 278 -204 16 -79 -14 -175 -47 -443 75 25~3 2167 S<J 50 5884 5742 5370 2221 2619 -2302 -2902 -5132 
S12 513 514 SIS SIb 
10 -27 4 -21 8 
1 -41 -7 -54 5 
-4 -7ff! -27 -92 -4 
-12 -112 -53 -117 -13 
-36 -170 -99 -145 -:)4 
-4 -74 -4q -?3 
-42 -156 -qa -137 -55 
-194 -376 -291 -246 -165 
-2172 -2709 -2453 -1252 -1157 
-SOB -6011 -5594 -3033 -2759 
TABLE B3 CONTINUED 
ELEMENT 2% UNDER AC TIO:) S LM;~) STRESS MEAN V 4L UE S INDIVIDUU VALUES'OF STRAI N 
s I/,f.~ e" e~ ""f'"';/ xl x2 X3 X4 X5 X6 X7 X8 x9 x10 X11 H2 X13 X14 XIS XII> )<IT 
4.49 4.0 0.1 29.4 6 9 2 -2 0 0 -3 -7 9 3 2 a 6 1 1 2 11 
9.04 6.0 0.3 102.2 L1 16 a -4 -2 2 -8 5 4 -3 C 13 11 14 -1 27 
13.29 7.5 0.1 138.1 19 19 0 -3 4 4 -13 9 8 0 2 15 12 I> -10 42 
17.86 9.2 ..21.8 208.9 25 25 -3 1 -4 9 10 -17 16 8 -5 5 9 15 4 -8 45 
22.30 9.3 _1.2 317.1 31 29 -7 8 -12 12 2 -17 21 14 -9 8 13 14 2 -22 46 
-0.05 9.1 5.6 156.2 25 6 10 1 1 4 5 2 14 10 -3 4 17 17 -4 -3 20 
22.14 16.2 0.1 321.5 42 39 0 12 -5 16 18 -15 25 18 0 7 20 21 5 -19 44 
44.32 21.0 ..23.8 1732.8 69 67 b 16 -34 47 20 -21 33 36 -1 10 52 20 -12 -44 59 
66.52 21.2 
-75.8 5439.1 77 ao 11 18 -49 78 -13 -29 31 18 -4 -4 80 54 -26 -48 23 
88.60 26.0 -138.610970.1 101 99 27 27 -32 101 -51 -44 30 -23 -2 -22' 136 95 -16 -46 -44 
X18 XI9 X20 X2I X22 )(23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 YI C Y11 VI2 YB YI4 
5 12 1 6 8 3 4 -4 15 -9 2 -1 14 3 4 -7 0 0 -5 -5 1 
2 10 0 16 10 12 -15 32 -10 1 -17 25 C 10 -4 12 -10 a -11 2 
3 18 -5 16 15 3 12 -11 26 -22 a 26 C 29 -5 2 -5 3 -11 1 
5 16 -5 22 14 4 21 -11 29 -36 5 34 -15 30 -4 3 9 -21 4 
a 12 -11 31 28 -4 29 -21 42 -41 6 -42 41 -28 20 -2 2 11 -35 13 
-11 15 0 24 34 7 16 36 3D -8 7 -24 9 -9 C q 10 2 -8 11 
-4 22 -15 .3 7 76 7 32 -6 47 -51 7 -39 37 -20 19 2 3 -7 7 -24 0 
-42 9 -37 7q .93 2 e6 -116 lIZ -1lP, -31 -121 34 -113 46 19 -40 -58 -4 -94 -3 
-135 -17 -73 1:) 7 125 26 149 -314 155 -259 -510 -271 0 -189 56 -7 -127 
-33 -173 -23 
-245 -28 -123 236 104 S6 201 -S74 73 -383 -161 -366 -67 -170 48 -43 -161 -62 -2l0 -75 
Yl5 VIe Y17 Ylo Yl9 Y2U Yl1 Y22 Y23 Y24 51 52 53 54 55 56 57 S8 59 510 511 
-1 -9 -5 n -1 7 4 -1 -9 0 25 0 42 2 43 C 23 a -27 -5 -34 
9 -6 -5 -21 10 6 3 -28 1 53 22 88 31 le7 37 49 
" 
-65 -15 -96 
11 -24 12 11 -ZO 19 9 4 -38 2 72 29 110 55 141 54 64 27 -81 -25 -120 
1B -26 
" 
21, -18 19 19 -60 -491 99 3, 160 96 le4 142 B3 48 -108 -38 -1% 
17 -19 14 34 -2l3 34 3 24 -80 4 136 76 234 164 263 172 117 83 -144 -54 -222 
23 10 1 11 -14 II 13 4 -12 5 57 24 142 94 154 117 60 30 -32 -9 -100 
30 -37 12 27 -13 23 15 21 -64 a 151 66 153 281 162 127 72 -153 -53 -223 
38 -13 1 121 -64 71 -10 56 -226 -36 660 511 1023 102C 939 578 474 -68a -368 -918 
43 26 -36 1 ::;~ -105 H -13 47 -505 -138 2002 1808 3922 3355 3050 3081 1166 11>25 -2102 -1448 -3135 
41 ,2 -n 178 -116 37 33 -32 -703 -330 382e 3614 7521 6606 5963 6091 3406 3302 -3986 -3161 -6nl 
S12 S13 514 515 S16 
9 -26 11 -2':" -2 
-18 -77 -11 -'54 -42 
-35 -96 ,-16 -tt5 -5~ 
-62 -147 -52 ->1 -70 
-123 -234 -121 -136 -104 
-59 -131 -61 -56 -55 
-109 
-23" -Ioe -14~ -121 
-869 
-1299 -1004 -691 -566 
-3017 -3924 
-3352 -212" -n2 
-6098 -7495 -(,729 -40o~ -3F7? 
rASLE···sa Ql)NTINUED 
SCEI'IENT :n IJNDER ACTION .:; 
S'rl<E5S .MEAN VALuES INDIVIDUAL VALUES OF STQAIN ("";CI'#S.~"III) 
~S' ,-"It;. ~~ 4:5 't',.~ Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 XU X12 X13 65.\14 ..a.1i 'J6? 17 32 -11 -1 -19 -5 -17 8 -12 --19 - -11 -13 0 
In.74 ..4.4 28.4 605.4 42 46 -16 -16 -38 -11 -28 4 -5 41 -26 -24 -6 
19B.aD -7.4 55.0 129,.6 59 70 -17 -30 -53 -11 -46 Q -1 58 -43 -41 -10 
U'4.77 -24., 85.2 1870,2 b8 -28 -7 -53 -63 -4 -72 -20 -27 -72 -47 -44 -3 
133.73 -18.4 54." 1148.2 41 -8 -1 -44 -32 -2 -40 -40 -25 -63 -32 -26 -1 0.0 -9.8 .1.8 205.8 10 -39 b -23 -2 -1 0 -21 -12 -34 -5 -16 6 
112.lH) 
-14.9 27.4 96,.2 35 -19 -5 -24 -34 -9 -41 4 -12 -42 -24 -24 4 
263.48 -26.8 8"~4 1929.0 76 -46 5 -72 -59 -~ -95 -22 -12 -98 -33 -65 5 
XU xn X20 X21 X22 X23 X24 Yl V2 Y3 Y4 V5 Y6 Y7 V6 V9 no Vll VI2 Yl3 
-8 -17 -21 2 -6 -2 -4 -18 0 16 1 3 2 39 -9 0 -21 42 -22 3s 
-13 -44 ~23 1 -9 -11 -3 4 20 33 23 9 26 102 -26 51 -5 93 -45 71 
-41 -66 -28 0 -13 -9 5 23 50 40 51 -2 32 2G3 -33 112 16 126 -66 lOB 
'-154 -89 -14 10 -23 9 46 63 83 42 41 3 42 314 -~c H5 31 152 -64 135 
-119 -60 1 6 -8 -12 47 91 30 43 1 3 9 178 -42 117 29 102 -54 91 
-37 -17 4 9 -3 -22 22 40 -48 25 -47 19 -51 0 -43 36 -19 39 -23 34 
-70 -51 -19 7 -13 -6 15 31 -11 42 -34 a -3 UE -21 86 -21 109 -72 90 
-165 -62 -16 20 -10 18 32 86 34 70 0 11 46 296 -23 196 1 190 -121 176 
Vl5 Yl6 V17 VI6 Yl9 V20 V21 V22 V23 y 2~ Sl S2 S3 5~ S5 56 57 58 S9 510 !ill 
0 -12 30 22 6 24 -8 0 -40 -18 -217 -113 -202 -reB -217 -146 -183 -126 185 167 248 
1 7 B4 113 -16 112 -24 27 -61 2 -402 -223 -~33 -416 -4f2 -340 -372 -261 437 382 544 
12 2S 169 206 -48 202 -43 71 -72 16 -595 -367 -688 -694 -725 -SC6 -566 -439 688 6111 850 
35 0 258 360 -30 241 -13 BO -69 85 -799 -567 -951 -1066 -955 -789 -712 990 806 11lo1 
11 -10 137 251 -48 195 -20 68 -47 86 -412 -370 -557 -7e2 -643 -466 -449 565 506 702 
-7 -32 -21 50 -35 53 -16 18 -8 -1 -19 -83 -63 -178 -96 -161 -100 -125 58 48 133 
17 -50 71 211 -28 123 -2 8 -45 -4 -375 -334 -427 -6e8 -~36 -563 -390 -446 426 471 567 
79 -12 256 356 -5 201 17 30 -60 72 -647 -752 -763 -1341 -754 -1234 -661 -896 845 956 1038 
512 513 S14 S15 SIb 
161 224 152 178 130 
389 507 366 404 283 
671 BOO 620 642 469 
1051 1092 976 860 707 
719 660 646 472 422 
172 129 131 33 42 
576 523 535 376 389 
1268 956 1139 711 905 
:tASL.EB3.CON'f'INUED 
e~eMENT 32.5 UNDER ACnoti ,!, 
STRESS MEAN VALUES IfliDIVIDUAL VALUES 
S 10f,.,. Il,,· 1r.O ~9 Xl x2 )(3 60,.4:9 10.8 IS -7 27 
1.;2.11 12.4 ?1S.2 785., 6; -25 62 
19'h27 22.2 ?ll.O 1359.6 92 -17 95 
21>5.05 28.1 51.7 2116.8 123 ;"32 
133.88 8.2 25.9 1319.0 4L -87 
3.15 ... '.9 1.() }}S.,. -8 -59 
132.83 14.;; ,1;0 1097.0. 50 -40 83 
264.62 29.4 52.9 2180.4 118 -40 153 
X19 X19 )(20 X21 X22 X23 X24 
18 23 0 27 -7 21 -24 
51 41 -16 52 -25 47 -130 
90 59 -43 83 -47 78 -203 
136 91 -88 121 -74 108 -289 
78 43 -87 79 -42 92 -174 
46 12 -32 15 -19 14 -62 
98 49 -48 60 -30 61 -156 
163 79 -85 123 -66 116 -2Bl 
Yl5 Y16 Y17 VIS Yl9 Y20 Y21 
17 -11 16 -25 12 -ll 27 
40 -5 22 -95 29 5 37 
83 -6 e9 -175 67 -15 63 
167 -37 190 -252 74 44 41 
133 -37 150 -311 19 24 a 
24 -7 65 -160 -27 26 -30 
70 -24 107 -226 16 30 13 
163 -54 218 -273 66 63 35 
S12 513 514 515 Sib 
-212 -174 -215 -94 -157 
-574 -365 -532 -117 -356 
-1074 -542 -971 -254 -682 
-1796 -690 -1616 -345 -1311 
-1274 -420 -10ee -190 -929 
-348 -136 -262 -69 -245 
-908 -398 -817 -197 -671 
-1913 -583 -1721 -345 -1419 
QFSTRAIN {"ILI"D~t:~~jt ) 
X4 X5 X6 X7 XS X9 )(10 
"'29 36 -18 25 -3 29 8 
-68 74 -40 27 -33 56 34 
-102 114 -69 38 -50 81 87 
'"114 156 -68 54 -105 100 102 
'-89 103 -42 43 -97 29 52 
-2 24 -8 
" 
-53 -6 -7 
-46 83 -20 25 -48 46 32 
-103 162 -56 47 -103 n leI 
Yl Y2 Y3 Y4 Y5 Y6 Y7 
56 -7 27 -27 60 -69 68 
102 76 17 -31 110 -151 98 
103 136 40 -78 157 -262 150 
103 153 90 -116 241 -426 201 
-11 101 53 -159 121 -262 102 
-47 -16 36 -Ill 9 -72 -22 
77 62 58 -109 137 -238 110 
106 135 100 -Z03 266 -457 222 
Y22 Y23 Y24 $1 $2 $3 54 
0 22 -22 1~8 172 213 21f 
5 30 -21 394 454 474 578 
8 69 -34 655 975 799 1034 
74 116 -51 919 1701 1092 
14 90 56 547 1174 721 
59 15 159 112 311 194 376 
46 102 47 494 872 578 934 
72 134 -40 919 1809 1084 1922 
X11 X12 X13 
26 ~le 30 
-'16 -u 66 




40 -60 66 
87 -103 141 
ya Y9· no 
-~~ 48 3 
-67 149 97 
-le8 268 160 
-le~ 399 223 
-le7 226 186 
4 20 60 
-f9 196 183 
-210 40~ 250 
55 56 57 
172 156 181 
331 419 
SCI 771 
636 1299 4~9 
340 656 185 
37 212 -53 
3« 640 283 

































































EI;E"eNT 3:aSi tftj06R AC Tl ON 
INDIII! DUAL VALUES OF STRAIN L,.,i~"s.H-./" ) STRESS "MEAN V,AI.UL,S 
:;. fbiI' .. li.K ~ ... ~*~ Xl X2 X3 X4 X5 X6 X7 
0.5.94 21.0 '7;2 448.9 33 9 11 -'11 4 13 21 
130,&9 lito.? l!M 99}.8 74 2 37 -26 9 6 67 
1"17.:1>9 82.~1 1ta.2 162'i'~6 116 2Q 6il '"3D 48 6 197 
264.1>$ 12it.7 ".3 2101,.1 IBb 19 9'l -29 85 45 333 1.36.20 Ilo.' " .. } 1579.1, 131 9 B3 -27 45 28 241 0.0 19.1 10.9 317.2 45 10 72 -14 11 46 73 
131.94 61.3 ".9 12S0.9 W7 28 78 -23 44 41 160 
2.64.96 126.1, 55.4 2"79.6 194 44 105 -32 86 53 373 
XIB X19 X20 X21 X22 X23 X24 VI V2 V3 V4 
49 13 33 24 2 B 35 -4 -50 0 78 
100 32 59 38 -2 32 lOB -15 -151 -1 143 
151 62 69 37 6 66 231 -22 -242 23 87 
211 94 74 32 6 132 355 -76 -351 49 7e 
106 66 5~ -10 0 &3 203 -40 -212 44 30 
19 9 -21 -B -15 24 -19 47 0 24 
57 27 12 -7 30 146 -9 -B1 21 74 
192 101 63 23 10 129 338 -82 -315 59 85 
Yl5 Ylo Yl7 VI" Yl9 Y20 Y21 V2l Y23 Y24 51 
58 5 B 18 44 -2b 51 -35 -9 22 120 
123 12 40 35 86 -12 93 -32 -77 93 296 
20B -22 84 40 148 12 120 2 -254 249 675 
256 -61 163 37 239 -14 170 12 -420 296 956 
153 -41 149 0 144 q 93 53 -294 2"6 556 
27 -29 79 3 32 15 26 23 -73 56 106 
In -37 92 65 125 21 89 46 -214 186 536 
260 -64 161 72 245 17 159 68 -454 320 1065 
512 513 514 SIS 516 
-50 1 -84 -298 -32 -247 
-1068 -234 -638 -120 -444 
-1464 -631 -191 -41q -415 
-2301 -889 -1205 -601 -574 
-1692 -524 -925 -331 -315 
-426 -64 -169 -35 -10 
-1160 -472 -567 -341 -25B 
-2243 -1007 -1112 -686 -509 
X6 X9 XI0 XlI X12 
102 7 -8 1 16 
237 12 -3 20 24 
269 33 12 55 3b 
369 71 27 1CO 43 
263 64 t5 89 15 
72 35 4C 50 -2C 
1Bl 50 11 to 6 
349 87 42 1CB 37 
V5 V6 Y7 ye Y9 
-14 -3 21 4 54 
-41 25 36 9 5B 
-99 106 22 23 03 
-167 182 21 15 6e 
-153 190 6 57 -48 
-104 11B -15 77 -90 
-134 1~6 -5 73 "9 
-214 243 -14 53 49 
52 53 54 55 56 
254 103 390 H7 443 
52 e 289 B3~ 4~1 879 
604 714 1107 10C6 1199 
969 lC73 1039 15~5 1832 
645 672 1149 988 1271 
156 148 230 2ec 270 
511 606 781 867 884 






























































































TAl@t.£$3CQNrD,"OATA FROM SERIES . nCOMPRESSIOt;r~ND SHEAR·TEsrs.ON<PROT9TYPE~ME.NJ$ 
El.'EMENT A5Y .. IJ~OERA.CHON T ... 
ST.RESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
'fdil/id .... 
-1:t.4 ~"g Xl X2 X3 XI, X5 X6 X7 X8 X9 Xlt XlI X12 X13 X14 X15 -18·4·.85 .2.6 -44. -10 -12 0 4 -1 15 -12 30 -1 -13 -4 -17 -a 11 -6 
-550.22 6.2 -442.8 ,..106.0 -9 -7 -3 26 -6 25 -6 11 12 0 1 18 -'10 19 -4 
-370.56 6.!! -!!14.1 '-82.5 -6 0 -2 28 -3 B -14 5 4 0 0 20 -4 1<1 ,..6 
0-.-41 :7.7 
-'11.0 -2;1.0 -3 12 0 12 a a 3 1 0 19 0 10 0 4 -6 
-165.36 8., '-165,1 -62.5 -5 3 -2 21 2 19 0 19 -5 17 4 8 -1 14 -2 
-552.07 7~8 ..450.2 -116.5 -6 -6 a 29 -1 21 5 -1 16 1 3 16 -7 13 2 
X18 Xl9 X20 X21 X22 X23 X24 Yl Y2 Y3 Y4 Y5 Yb Y1 Y8 Y9 no Yll Yl2 Y13 '(14 
-17 a 28 B 6 42 13 b8 -356 94 -456 39 -452 51 -379 15 -235 9 -156 23 -255 
'-12 15 20 a 20 53 -8 22B -1042 298 -1335 190 -1292 153 -11~3 143 -894 100 -636 121. -8.89 
-7 3 25 6 20 52 0 143 -130 194 -916 102 -931 88 -E4B 70 -556 50 -431 71 -604 
-9 -1 9 2 5 15 8 -10 -50 -19 -60 -18 -85 -30 -114 -47 1 -25 -17 -14 -''>1 
-5 2 23 9 9 52 9 51 -376 81 -486 33 -480 19 -468 -22 -213 -12 -160 Z2 -285 
-10 18 21 3 18 bO -5 IBI -1009 256 -1307 165 -1275 121 -1202 83 -612 52 -620 105 -895 
Yl5 Y16 Y17 ViS Yl9 Y20 Y21 Y22 Y23 Y24 Sl S2 53 S4 55 56 57 S8 59 S10 511 
32 -294 -29 -9" -H -217 -26 -175 -19 -132 124 -3H 314 -466 2CO -312 81 -203 -87 91 -250 
131 -962 -104 -437 -67 -712 -136 -506 -154 -424 138 -e42 414 -801 lae -679 52 -38Z -110 34 -237 
17 -605 -101 -294 -52 -507 -108 -360 -107 -280 121 -659 377 -643 181 -519 61 -292 -He 85 ';;247 
3 -83 -94 6 -43 -13 -36 18 -39 43 -1 -144 50 -58 -27 12 3 -10 -31 30 -32 
40 -324 -98 -94 -46 -211 -62 -182 -51 -B3 127 -411 296 -467 134 -327 71 -204 -105 HI ';'248 
98 -958 -158 -401 -101 -b66 -117 -480 -186 -402 131 -843 386 -805 125 -654 41 -368 -H2 25 -244 
512 513 514 515 516 n Y2 Y3 VI, Y5 V6 Y7 V8 Yl7 Y18 Yl9 Y20 Y21 Y22 Y23 Y211 
129 -194 3 -RQ 100 16 11 70 -10 -14 19 21 16 22 35 22 -1 44 77 51 -52 
-137 -38 -481 -41 -100 0 -50 84 -308 -47 -54 23 -4 51 36 57 -122 61 41 73 -22 
-11 -111 -248 -65 -24 -25 -39 22 -183 -92 -45 -43 -32 29 -4 7 -87 37 34 59 -23 
40 -57 51 -23 19 -12 77 12 -57 -27 -52 29 -23 13 55 17 67 23 82 28 37 
126 -198 13 -95 89 11 41 63 -88 4 -22 14 -54 34 47 44 16 75 91 63 54 
-119 -61 -416 -72 -111 -6 -119 68 -348 -29 -90 5 -139 81 -26 65 -119 58 44 95 -52 
Sl S2 57 58 59 510 S15 516 
116 -42 85 -64 -72 187 -32 116 
78 -79 94 -51 -60 211 -30 -39 
73 -70 94 -54 -62 119 -63 36 
35 -14 28 34 -11 51 17 42 
101 -86 10& -53 -66 139 -28 73 
74 -84 86 -63 -42 155 -52 -21 
TABLE B3 CONTD. -DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
FLEMe,'IT PlY i)"lOER .\(1 I (1\ T • 
5TKESS MEAl<. V'~lUES [(JOI VreUI\L v'D.LU~S nF STR'IN 
i .. lbji., ~~ to, -(~~ Xl '2 X3 X4 ,5 X6 X1 X~ x9 XIO X11 X12 XU X14 X15 Xli> X17 
-18'.33 0.9 -159.9 16.5 2:> -6 4 
-" 12 -54 40 8 -21 3 -4 5 24 21 3 
-55B.22 4.6 -479.4 22.6 
'" 
1 2 b -2 16 -81 51 16 -2 7 2 4 53 24 Ie 
-314.41 4.6 
-)21.9 18.4 31 0 0 14 -5 16 -a1 51 19 -10 6 '6 13 42 19 16 
-0.2!) 1.7 4.4 -2.7 1 4 1 -1 -1 C 20 4 -8 9 -2 5 11 -7 13 
-186.31 2.9 -155.6 11.3 29 0 0 9 -5 12 -50 50 11 -19 10 -1 9 38 12 13 
-St;8,.9f: 9.2 -477.7 9.2 4J 13 ;, 16 0 18 -74 63 22 -0 12 5 13 56 16 21 
XIS X19 X20 x21 X22 X23 X24 Yl Y2 Y3 Y4 Y5 Yt Y7 YE Y9 YIC Yl1 Yl2 Yl3 Y14 
-3. \ -7 -3 -1 27 -16 -47 ~lB1 -99 -236 -112 -In -152 -210 -53 -161 -105 -130 -84 -208 
-65 -2 -14 1 63 -45 9 -782 -145 -al3 -203 -709 -293 -187 -151 -693 -249 -485 -238 -627 
-so -1 -11 b 4 52 -3, -27 -491 -Db -531 -172 -446 -241 -464 -103 -432 -186 -289 -174 -400 
-311 0 C 5 3 5 32 -37 21 -19 10 -14 20 -3 16 22 19 IS 
-45 -3 33 -25 -3.4 -214 -51 -263 -92 -224 -135 -21B -41 -115 -93 -128 -79 -193 
-57 -4 L) 62 -33 5 -7q2 -138 -805 -198 -721 -27e -7AO -168 -679 -265 -473 -245 -603 
Yl5 Yl6 Yl7 YlR VI) Y20 Y21 Y22 Y23 Y24 51 52 S3 54 5S 56 57 S8 $9 SID 511 
-125 -150 -:-.p -10'5 -136 -177 -lb7 -174 -156 2 -70 10 -97 -34 -146 -56 -134 -140 -14 -209 
-34g -461 -:n,,:; -410 -375 -521 -422 -537 -317 -58 -329 -60 -377 -133 -,75 -57 -219 -291 -34 -44b 
-25, -~g4 -?,ISi:t -2':'4 -2'6') -2fl4 -3 ')t. -283 -36~ -271) -40 -200 -17 -226 -7H -263 -86 -217 -225 -28 -355 
1 -3 -11 
" 
-£ 4 3 27 -22 12 2 -25 31 12 -30 -2 -10 -26 13 -16 
-In -153 -IS':> -124 -In -133 -170 -169 -lB -155 -5 10 ft 40 -92 -9 -159 -45 -161 -140 -10 -200 
-364 -473 -SR:J -_\11 -430 - 362 -532 -4ae -549 -374 -55 -350 -45 -382 -136 -382 -141 -283 -30e -39 -452 
S 12 513 S l/~ Sl" :)10 Yl y:~ Y3 Y4 Y' Yb Y7 Yp Y17 Ylo YB Y20 Y21 Y22 Y23 Y24 
-97 -':jl) - ~Q l' 1 -53 -22 -1, _4 3 -199 -9 -83 I -15i 22 -44 98 -65 92 -144 
-261 -174 -43·1 
'" 




-Ill -70 -143 -13 4 -472 -6 -207 -75 -256 -23 -125 150 -96 76 -261 
0 17 4r, -Ie; -11 -3 24 12 11 11 -50 14 -32 62 -3d 48 -1 71 -24 99 -49 
-97 -7'3 -71 14 -2 J -7r; -5 /+ -13 -18 -1 -280 -22 -134 210 -113'5 q -80 93 -89 70 -169 
-250 -179 -433 56 -22;) 18 -3) 7 100 -4H 21 -763 -2P. -422 -16g -297 -37 -20, 124 -149 63 -322 
<;1 S2 S7 5A S) S10 SlS 516 
52 -47 11 -1 t~:-
-" 7S 49 0 6> -202 1, -231) 71 11 -~07 
57 
-107 B -1"-).'", -f:(: 6" bb -PI 
12 -2t::J I)~ Ie -6 I .. -I" 19 
40 -71 1" -14 n -I" 7 n -24 




TABLE B3 CONTO. -DATA FROM SERIES n COMPRESSION A'NO SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT C2Y U~DER ACTION T .. 
STRESS MEAN vALUES INDIVIDUAL VALUES OF STRAIN 
7 .. t·R"" E.~ e. -J",.,. Xl Xl X3 X4 X5 X6 X7 X6 X9 XID X11 XU Xl3 X14 XIS X16 X17 
-166.23 2.6 -161.2 ".5 3 -2 0 -1 1 1 -12 15 9 -2 4 I 3 3 I 9 0 
-559.76 11.1 -5}}.8 13'+.2 25 -22 13 6 S 21 -60 66 34 15 40 -6 -9 6 -14 37 50 
-375.10 7.1 -351.0 112.7 23 -12 10 6 3 15 -62 62 35 11 34 -2 -14 6 -12 30 43 
0.00 5.7 18.4 $.0 3 9 4 2 12 9 -5 26 22 7 11 16 1 6 8 16 20 
-165.92 6.7 -158.2 82.6 11 5 11 6 8 11 -36 47 25 1 22 6 -8 18 0 14 20 
-559.40 8.6 -528.8 128.4 25 -29 13 0 a 27 -56 66 27 25 30 3 '-9 16 -13 28 33 
Xla X19 X20 X21 x22 X23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y7 Y6 Y9 YlO Y11 n2 Yl3 Yl4 
-16 7 1 0 8 39 -10 1 -420 7 -376 -340 -324 -25 -20 -307 0 -305 517 -261 
-54 71 3 -4 13 42 -16 -509 -780 -404 -685 -372 -629 -415 -460 -678 -435 -639 100 -526 
-47 56 -29 -1 -5 -10 -438 -467 -327 -410 -313 -324 -402 -349 -404 -317 -360 202 -294 
-29 29 -17 -1 -2 6 -30 -47 -24 -11 -8 17 -33 49 24 6 538 16 
-36 38 -17 -7 5 8, -177 -269 -138 -235 -143 -In -184 -182 -168 -115 -188 414 -183 
-62 52 -14 -12 30 3 -341 -971 -252 -858 -217 -815 -291 -843 -324 -802 -271 -817 302 -714 
Yl5 YH Y17 YIS Y19 Y20 Y21 Y22 Y23 Y24 51 52 $3 54 S'5 56 57 58 59 S10 Sl1 
-32 -256 -16 -230 -68 -116 -213 -117 -192 -18 -98 -12 -172 -14 -97 -133 -61 -85 -56 
-476 -470 -249 -622 -46<) -330 -750 -205 -183 -191 -391 -169 -289 -27 -283 -369 -35 -314 
-370 -257 -154 -434 -351 -158 -178 -599 -88 -153 -b8 -324 -14 -230 46 -199 -287 12 -245 
22 -37 42 -6 -43 13 -35 -13 -38 -40 148 -71 83 -18 77 -47 -77 -16 59 -112 
-122 -205 -92 -168 -161 -84 -He -153 -209 -162 11 -56 -85 -22 -65 17 -130 -88 -114 -41 -142 
-248 -686 -279 -560 -423 -329 -493 -507 -517 -455 -46 -345 -lbO -396 -138 -189 -164 -280 -283 -127 -283 
512 513 $14 515 S16 Yl Y2 v3 Y4 Y5 Y6 V7 Y8 Y17 Yl8 Yl9 Y20 Y21 Y22 yB Y24 
-179 -3 -258 31 -194 38 -155 30 -272 29 -191 -6 -193 8 25 25 34 -81> -4 -11 
-407 -234 -682 -126 -467 81 -385 -23 -403 137 -345 -142 -312 76 -60 31 40 -65 -188 -66 
-276 -169 -500 -90 -309 72 -230 -21 -253 102 -194 -129 -149 45 -417 -58 44 57 -14 -143 -75 
69 -101 42 -94 53 5 -18 -51 -119 -36 -23 -70 19 1 -31 -25 53 10 20 -41 -91 
-150 -101 -235 -78 -143 21 -142 -59 -240 11 -108 -134 -40 5 -50 29 11 -6. -51 -129 
-407 -221 -675 -144 -479 65 -'oeb -21 -622 8S -536 -173 -532 2 -sa 27 53 -176 -104 -196 
51 S2 57 sa 59 510 515 S16 
11 -140 -bo -127 -31 -3 43 -91 
-70 -209 -71 -274 -147 78 111 -262 
-78 -112 -loa -208 -99 80 III -173 
-6 -92 -39 2 -15 22 -5 -29 
-36 -65 -160 -62 -20 -18 55 -105 
-8 -332 -111 -231 -91 42 81 -276 
TABLE B3 CONTO. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT DGY UNDER ACTIO"j T .. 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
-t".J"/i. G. is.; ;(, XI X2 X3 X4 X5 X6 X7 XS X9 XIO XU Xl2 X13 X14 XIS Xlo X17 
-184.32 6.6 -17}.1 251 16 8 -5 6 3 12 4 2 15 23 3 -8 14 23 8 -7 0 
-556.26 13.6 -526.6 74.7 27 11 -14 6 27 21 7 0 23 37 -13 -10 18 43 18 4 0 
-279.56 11.8 -351.4 47.5 27 4 -11 -1 0 -I -3 -26 7 21 -21 -48 -4 -7 -10 -53 -18 
0.04 -1.9 -5.3 -2.8 7 -11 -2 -5 -5 6 0 -2 -6 8 -4 -18 4 -1 -2 4 -1 
-165.22 -0.0 -175.4 26.8 13 -13 -13 -6 -1 10 0 -2 2 32 -ll -11 8 22 -6 -4 -5 
-557.67 7.0 -536.8 84.1 25 -9 -18 -9 I. 18 1 0 14 59 -20 -28 15 42 7 -4 -2 
X18 X19 X20 X21 X22 X23 X24 YI Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YlO Yll Yl2 Y13 Y14 
11 1 23 0 3 -9 4 -4 -371 10 -271 -47 -224 -74 -295 -68 -236 -59 -259 -60 -295 
24 5 60 5 IB -10 14 -39 -1095 16 -e88 -72 -750 -171 -ICC') -176 -789 -104 -S63 -117 -955 
-33 -25 -19 -30 -58 -00 -60 -61 -839 -76 -1218 9 -626 -510 -793 -382 -646 452 -152 -520 -1280 
-6 0 0 -B -7 1 1 15 -7& 21 -52 -1 -46 11 -14 -2 -13 0 -ll -4 -32 
9 -7 11 -8 -9 -14 3 -8 -375 10 -297 -33 -271 -62 -310 -76 -258 -44 -286 -48 -333 
17 2 52 -4 5 -16 5 -35 -1133 31 -930 -56 -820 -157 -1036 -149 -825 -71 -920 -91 -1030 
Yl5 Yl6 Y17 Y18 Yl9 Y20 Y21 Y22 Y23 Y24 SI 52 S3 S4 55 56 57 58 59 S10 511 
-6S <-284 -93 -189 -162 -106 -166 -123 -265 -39 -131 -32 -136 -31 -115 4 -28 -48 -98 -55 
-140 -895 -251 -633 -411 -329 -562 -370 -777 -72 -514 -34 -456 -67 -381 -211 -182 -338 -178 
• -536 -1254 -323 -762 83 -521 25 -252 -165 -989 -3 -160 63 -248 -16 -215 -519 -178 -442 -238 
-1 -40 -21 4 -8 9 -36 0 -34 -5 -16 -6 13 -2 0 3 1 3 -12 -1 0 
-75 -315 -116 -196 -175 -269 -140 -178 -148 -254 -50 -151 -13 -153 -28 -Il3 6 -53 -72 -97 -60 
-101 -967 -238 -693 -383 -801 -322 -628 -352 -809 -67 -532 7 -466 -35 -401 -3 -268 -191 -330 -181 
512 S13 S14 S15 SIb Yl Y2 '(3 Y4 Y5 Y6 Y7 '1'8 Y17 YlS Yl9 '1'20 Y21 Y22 '1'23 Y24 
-136 -41 -137 -25 -173 25 -412 18 -239 -16 -167 17 -191 -105 4 -151 -198 -111 -39 -106 -186 
-504 -102 -512 -60 -497 8 -1093 15 -867 -60 -561 -38 -789 -263 -131 -279 -486 -247 -172 -324 -369 
-485 -326 -373 30 -452 -937 -1326 -520 -238 -669 -821 -548 -334 -999 1234 198 -903 -1056 -522 99 1371 
24 18 12 -1 -18 -70 -90 -69 -119 -66 -209 -72 23 -162 -14 -le9 18 -156 -19 -99 -69 
-136 -27 -152 -39 -194 -73 -416 -48 -355 -103 -359 -82 -259 -244 -73 -244 -163 -248 -65 -245 -179 
-513 -101 -540 -".7 -499 -81 -1091 -42 -922 -113 -101 -87 -813 -355 -171 -316 -543 -323 -207 -408 -432 
SI S2 S7 58 S9 SID 515 S16 
-16 -1l5 19 -7 -66 -59 -27 -162 
-51 -393 -30 -03 -244 -173 -79 -455 
88 305 383 1552 -44 385 755 625 
-38 12 -41 26 -31 -1 -49 17 
-76 -95 -49 -17 -lIB -48 -100 -141 
-86 -416 -28 -101 -289 -172 -131 -421 
TABLE B3 CONTO. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT E5Y UNDER ACTION r& 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAI N 
1;.lb/;. .s... ,,~ r:.. XI Xl X3 X4 X5 X6 X7 xa X9 XIO X11 H2 XU Xl4 X15 Xl6 X17 
-186.36 7.0 -224.6 21.0 13 9 16 6 I -2 17 -20 22 60 11 10 I 5 .27 -17 -13 
-563.63 17.5 -71}.6 2.2 24 -2 17 0 5 4 29 -17 45 129 4 38 6 14 63 -20 -28 
-377.35 13.7 -543.8 -1.9 19 10 10 -9 5 -9 25 -30 33 109 3 36 6 10 55 -20 -18 
-0.16 4.6 -70.6 -2.5.4 -4 -14 5 -12 .2 1 8 -8 8 32 -5 9 -1 8 10 9 -2 
-186.72 11.1 -}04.5 3.2 18 16 6 -4 6 -6 20 -12 21 ee 4 21 7 11 40 -14 -13 
-561.93 1}.} -707.3 -10.5 19 -9 21 -16 7 -17 36 -39 49 126 5 33 4 a 65 -16 -30 
xu Xl9 X20 X21 X22 ~23 X24 VI V2 V3 Y4 V5 Y6 Y7 V8 V9 VIO v11 VI2 Vl3 V14 
II -4 -5 5 -1 -17 30 -297 -222 -254 349 -240 -2e9 -295 -173 -62 -300 -49 
41 -7 15 17 15 -28 52 -706 -874 -570 -118 -618 -753 -an -419 -243 -939 -248 
41 -3 2S 10 15 -36 39 -567 -522 -4al -876 -427 -533 -489 -4t8 -632 -300 -140 -674 -162 
8 12 la -I 30 -19 17 -37 -82 -40 -529 -26 -21 -41 -39 -12 -16 -25 -19 -41 
19 -I 18 , 26 -23 12 -364 -243 -300 -653 -270 -245 -307 -217 -355 -126 -3B8 -65 -356 -86 
30 -2 12 14 9 -21 25 -735 -659 -589 -136 -550 -B76 -632 -762 -928 -367 -1014 -222 -949 -252 
Yl5 Vl6 Yl7 YlB VI9 V2D V21 V22 V23 V24 51 52· 53 54 55 56 57 S8 S9 510 511 
-298 -85 -401 -82 -359 -125 -401 -227 -416 20 -114 -95 -206 -75 -155 10 -204 -56 -ue 0 -231 
-959 -407 -1263 -144 -1149 -196 -1191 -293 -1185 12 -200 -391 -561 -426 -596 -6 -523 -102 -374 51 -741 
-691 -264 -916 -137 -816 -182 -837 -289 -860 11 -180 -416 -267 -420 a -401 -79 -268 54 -518 
-52 -83 -01 -65 -72 -48 -104 -80 -27 -37 -7 -35 -5 -9 -52 -58 -17 39 -7 
-367 -491 -ll~ -4' ... 3 -ISS -482 -238 -485 12 -135 -230 -80 -198 13 -229 -86 -138 39 -256 
-976 -382 -1290 -145 -1201 -186 -1227 -276 -1228 23 -227 -412 -561 -397 -628 1 -524 -118 -390 54 -744 
512 S13 514 SIS SI6 VI Y2 Y3 Y4 Y5 Yb YI Y8 Y17 VIS vI9 V20 Y21 Y2Z Y23 Y24 
-57 -151 -180 -76 34 -65 51 22 -11 -178 19 -204 -4 22 -52 -187 -233 -85 28 
-88 -347 -383 ~346 86 -559 107 -295 -22 -871 4 -895 -22 -2e7 -252 -358 -349 -211 -71 
-55 -393 -236 -310 -203 73 64 -167 -57 -520 -9 37 -61 -166 -361 -88 -368 -148 -55 
-12 -35 7 -35 -61 -60 -53 -106 -41 0 28 -29 -73 -33 -103 -72 -38 
-125 -207 -111 11 -172 -I -184 -69 -351 -41 -31 -117 -l4B -307 -92 -296 -124 -67 
-321 -381 -364 57 -668 33 -395 -62> -847 -21 -828 -61 -204 -301 -456 -197 -415 -276 -169 
SI 52 57 58 sq SIC SIS 516 
I -116 -43 -33 36 32 64 -18 
13 -509 -76 -93 15 57 10 -84 
1 -319 -59 -IOQ 2 41 29 -45 
-38 -47 -12 -77 -8 -2 -6 17 
-42 -179 -54 -72 22 -15 23 -52 
-21 -523 -87 -lOS -, -16 -23 -160 
TABLE B3 CONTO. - DATA FROM SERIES n COMPRESSION 
ELEMENT FlY U~DER ACTION 'L STRESS MEA~ VAlUES INDIVIDUAL VALuES OF STRAIN 
"Ta,. "I, .... . ~ e • 1""1 Xl X2 x3 X4 X5 X6 x7 
-183.74 2.8 -236.5 44.5 6 60 -2 4 5 -1 12 
-556.79 12.5 -704.8 -10.8 12 65 6 22 -13 25 -18 
-373.72 6.1 -492.1 -26.5 1 56 9 3 -9 11 -21 
0.08 -2.8 -13.9 -37.1 -3 -41 11 -21 0 -12 2 
-166.02 1.2 -246.7 -76.3 5 14 10 -9 -13 7 -16 
-559.50 13.1 -719.1 --7.0 73 7 20 -10 26 -14 
X16 X19 X20 X21 X22 X23 x24 Yl Y2 Y3 Y4 
-37 5 -20 10 -7 28 14 -35 -435 -69 -413 
-60 30 -26 25 -5 62 -1 -375 -1036 -367 -950 
-70 22 -31 18 -8 49 2 -342 -702 -335 -601 
-38 -6 -18 5 -4 15 4 -43 -42 -46 -23 
-55 11 -24 0 -6 23 15 -179 -371 -184 -320 
-56 19 -15 8 4 45 20 -300 -1155 -280 -1057 
Yl5 Yl6 Y17 Yl8 Y19 Y20 Y21 Y22 Y23 Y24 51 
-167 -295 -169 -407 -214 -148 -217 -113 -260 -127 -168 
-373 -945 -421 -1168 -506 -732 -398 -636 -431 -769 -271 
-321 -561 -329 -505 -400 -472 -311 -3Q2 -301 -513 -233 
19 -16 -20 -75 -28 -19 -10 0 B -56 -33 
-131 -314 -216 -358 -220 -212 -122 -191 -120 -331 -154 
-254 -1114 -432 -1152 -467 -786 -319 -765 -318 -929 -258 
512 513 514 515 516 Yl Y2 Y3 Y4 Y5 Y6 
-314 50 -404 77 -302 -28 70 -60 -172 -36 -105 
-513 -224 -696 -196 -519 74 43 -152 -521 -52 -337 
-306 -197 -434 -173 -330 18 35 -134 -230 -63 -236 
16 -2 25 -48 -19 -19 0 -68 -33 -54 -128 
-209 -81 -238 -101 -201 17 -5 -102 -147 -74 -222 
-604 -145 -753 -178 -579 7 24 -150 -598 -106 -465 
51 52 57 59 59 510 515 516 
-83 80 -124 -16g 74 -68 114 -8 
59 -186 -109 -466 -28 -266 71 22 
26 -119 -102 -311 -14 -229 49 33 
-6 -41 -18 -114 -10 -73 0 13 
-40 -63 -130 -165 15 -210 30 46 
28 -246 -195 -375 14 -419 35 8 
AND SHEAR 
x6 X9 X 10 
-40 3 12 
39 52 47 
36 39 42 
13 17 12 
22 26 29 
46 41 62 
Y5 Y6 Y7 
-7 -336 -79 
-277 -865 -393 
-268 -508 -355 
-39 5 -60 
-120 -289 -204 
-196 -1003 -317 
52 53 54 
-69 -132 0 
-611 -151 -524 
-420 -129 -302 
-93 60 -2 
-239 -24 -120 
-670 -87 -581 
Y7 Y8 Y17 
65 3 -207 
99 -104 -338 
61 -58 -237 
7 -134 -29 
18 -111 -221 
63 -197 -420 
TESTS ON PROTOTYPE 
x11 X12 x13 x14 X15 
11 -2 10 -1 9 
29 -4 9 2 -27 
27 -7 11 -7 -31 
12 -9 14 -5 0 
12 -16 13 9 -33 
25 0 ·5 20 -52 
Y8 Y9 YlO Y11 Yl2 
-441 -102 -272 -88 -372 
-12D -195 -820 -196 -1117 
-609 -204 -483 -207 -712 
-39 38 9 9 -33 
-424 -94 -222 -84 -374 
-1~63 -124 -906 -117 -1270 
55' 56 57 58 59 
-142 39 -163 -132 -41 
-80 -42~ -185 -588 -178 
-B8 -276 -160 -458 -141 
12 -50 -17 -144 0 
-26 -108 -462 -448 -23 
-45 -452 -250 -517 -102 
Yl8 Yl9 Y20 Y21 Y22 
-326 -113 -148 55 -20 
-637 -63 -272 157 -515 
-f17 -52 -239 163 -321 
-97 -49 -94 11 -77 
-236 -89 -168 127 -136 
-7e:;. 

































TABLE B3 CONTD. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT G2Y UNDER ACTION T .. 
STRE SS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
T .. I./I_ £. ~O.O ~'\ Xl X2 X3 XI, X5 X6 X7 X8 X9 xlC X11 X12 X13 XlI, XIS X16 X17 -IB7.49 5.2 ,"".0 17 -8 7 18 12 21 -21 -10 -24 26 12 9 8 10 -u 12 l!2 
-556.29 18.1 -786.9 -21.6 H -33 19 33 15 58 -57 -1 -25 69 31 19 20 9 -59 ZO 53 
-374.15 13.5 -554.6 -17.3 72 -29 21 24 17 43 -62 1 -24 52 28 12 13 14 -54 15 4<1 
0.68 4.2 -28.4 -16.4 30 8 8 1 0 2 -17 0 -7 4 6 7 -1 7 -23 10 15 
-186.94 10.9 -2BB.6 -11.3 43 2 13 16 16 24 -31 -1 -26 33 19 17 7 14 -34 21 29 
-557.72 1B.2 -&la.1 -24.8 87 -24 1 ~ 33 16 52 -58 -1 -23 61 30 14 22 14 -49 18 47 
X18 X19 X20 X21 X22 X23 X24 Yl Y2 Y3 VI, Y5 Y6 Y1 Y8 Y9 Y10 Y!1 Yl2 Y13 Yl4 
-7 -5 15 13 7 -10 21 8 -360 19 -506 43 -552 45 -f47 63 -432 49 -507 38 -6<17 
-5 -6 49 22 39 19 63 165 -1305 165 -1609 263 -lb87 173 -H78 457 -1652 4B5 -1835 4bB -Z065 
-9 -3 35 15 29 16 51 93 -B40 94 -109C 16Z -1145 102 -ln4 242 -1038 255 -1185 253 -1374 
8 0 9 2 6 12 6 -5 -61 9 -60 38 -60 27 -102 13 -39 19 -33 34 -56 
-4 0 20 17 19 19 21 20 -425 27 -550 12 -608 21 -f68 74 -470 68 -525 54 -653 
-9 -7 45 24 33 28 62 164 -1288 166 -1619 210 -1704 127 -1991 444 -1633 461 -1846 449 -2013 
Yl5 Vlo Yl1 Yl8 Vl9 Y20 Y21 Y22 V23 '1'24 51 52 53 54 55 S6 51 S8 59 510 S11 
112 -583 -148 -541 -120 -316 -101 -413 -14 -405 60 -256 21 -293 26 -310 -82 -126 -1 -106 40 
541 -2052 -93 -18S? -92 -1326 -46 -1501 215 -1426 141 -654 216 -lell 271 -1234 -92 -541 39 -'oIl, 326 
310 -1369 -S8 -1280 -121 -866 -92 -1071 120 -911 107 -582 141 -657 139 -634 -86 -354 22 -259 186 
-6 -109 1 -gO -44 -19 -31 -64 11 -71 39 -75 36 -66 4 -53 5 -14 -18 -12 22 
89 -663 -108 ..... ~e9 -153 -371 -130 -482 2 -439 13 -299 60 -342 42 -372 -52 -161 -20 -104 31 
525 -2083 -130 -1844 -143 -1321 -82 -1501 193 -1434 149 -B18 294 -lC46 2B2 -120 -91 -552 11 -411 291 
51Z 513 514 S15 S16 Vi Y2 Y3 Y4 '1'5 '1'6 Y7 va Yl1 Yl6 Yl9 Y20 Y21 Y22 Y23 Y24 
-490 12 -211 0 -111 39 -1 20 -216 72 -195 20 -515 -150 -91 -133 -109 -56 -197 -55 -101 
-1501 161 -819 -12 -512 141 -291 31 -163 146 -103 21 -1455 -140 -560 -297 -344 -116 -621 -24 -456 
-1066 61 -510 8 -374 125 -105 16 -461 117 -450 14 -917 -f6 -:316 -176 -139 -69 -362 26 -299 
-10 9 21 -12 -,3 8 -56 -41 31 -26 -Ill -46 -23 24 -70 -3 -33 -41 -61 0 -61 
-461' 
-2 -209 -4 -172 71 -45 0 -276 44 -302 -52 -415 -26 -101 -104 -61 -69 -196 -37 -U.4 
-1454 121 -90S -30 -510 226 -345 39 -813 154 -B03 o -1436 -109 -f06 -290 -359 -122 -594 a -456 
Sl 52 57 59 5, 510 515 SIb 
59 -240 -130 -63 6 -165 45 -105 
159 -125 -99 -4% 14 -513 109 -181 
127 -516 -68 -252 51 -309 105 -80 
-4 -109 26 22 -37 12 -11 
31 -259 -1 17 -161 55 -15 
116 -750 -16 -410 64 -494 93 -lBO 
TABLE 83 CONTD. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMHIT HGY UNDER 4CTlO~ T .. 
STRE SS MEAN V4LUES INDIVIDUAL VALUES OF STRAIN 
-'&..'1./; .. ..... .. , -r.~ Xl x2 X3 XI, x5 X6 X7 XB X9 XI0 Xll X12 XU XII, XlS Xl6 X17 
-185.10 6.9 -223.5 -1 .3 12 15 13 6 7 11 5 17 8 0 7 4 -4 28 -17 10 23 
-556.08 23.0 -713.5 -75.3 Z3 34 35 3 33 20 42 31 18 2 29 33 7 67 -30 36 45 
-374.16 15.4 -481.7 -52.9 25 27 27 0 24 12 21 28 17 2 18 23 4 46 -23 12 40 
-0.12 3.3 -2.6 0.0 2 3 6 7 -2 0 1 12 2 -2 3 -2 2 15 2 -13 4 
-IB5.64 9·0 -231.8 -31.6 17 21 19 1 8 7 5 22 16 0 10 7 2 39 -12 -6 30 
-557.57 21.1 -720.4 -72.1 20 31 40 0 35 16 37 35 19 -4 2& 28 ·10 56 -31 17 53 
XIS Xlo X20 X21 X22 x23 X24 Y1 Y2 Y3 V4 V5 Yb Y7 Y8 V9 no Yll Vl2 VB V14 
-5 6 0 -1 -2 IS -44 -397 -79 -450 -97 -370 -120 -333 -102 -302 -95 -259 -112 -302 
-1 30 19 5 27 4 31 -69 -1312 -159 -1497 -169 -1233 -313 -1174 -175 -1049 -189 -944 -184 -1102 
-8 20 8 4 10 Q 17 -54 -885 -126 -1010 -131 -817 -231 -781 -142 -689 -153 -594 -162 -716 
11 -2 5 1 7 0 10 8 -51 15 -32 9 -43 1 -41 14 2 7 -1 -1 -19 
-12 0 5 10 0 12 -26 -415 -71 -472 -90 -411 -118 -375 -83 -317 -88 -283 -94 -338 
-9 34 10 2e 10 22 -67 -1339 -149 -1530 -167 -1262 -312 -12C4 -165 -1076 -178 -981 -181 -1136 
VIs Ylb Y17 VIe YB V20 V 21 Y22 Y23 V24 SI S2 S3 54 S5 S6 57 S8 S9 SIO 511 
-96 -264 -226 -232 -151 -190 -191 -250 -1l6 -234 -24 -122 -82 -167 -95 -161 -164 -62 -B3 -101 -57 
-134 -969 -535 -575 -410 ->128 -41036 -280 -882 -79 -564 -130 -699 -199 -647 -299 -308 -167 -337 -91 
-120 -632 -404 
- 5'7 -293 -523 -360 -205 -559 -63 -344 -lIl -445 -157 -417 -249 -184 -126 -206 -83 
5 -20 1 -11 -3 -6 -13 -13 2 5 6 -22 13 5 -1 -10 0 -9 -5 3 -6 
-78 -299 -229 -255 -154 -215 -199 -281 -114 -260 -16 -158 -64 -198 -88 -191 -157 -93 -79 -108 -44 
-120 -1009 -543 -902 -39.1 -653 -485 -937 -272 -909 -72 -583 -1l6 -721 -173 -666 -282 -326 -169 -341 -90 
512 S13 S14 SIS S16 Yl Y2 Y3 Y4 Y5 V6 Y7 Y8 Y17 V18 Vl9 V20 Y21 V22 V23 V24 
-21 -215 37 -113 -29 -367 -34 -260 -32 -204 24 
-"8 -131 -92 -101 -12 -148 -127 -ll -16 
-81 -715 30 -411 -44 -988 -41 -716 -38 -609 78 -223 -272 -381 -279 -165 -377 -449 -55 -81 
-361 -52 -481 44 -279 -29 -647 -49 -461 -60 -396 20 -163 -le3 -222 -218 -91 -270 -306 -43 -62 
6 4 -6 7 -Ie -21 -91 -35 -15 -23 -63 9 -37 -26 -15 8 -7 -26 -50 7 -32 
-167 -16 -218 41 -130 -37 -359 -38 -246 -22 -258 21 -114 -165 -134 -55 -154 -117 -76 -119 
-566 -63 -721 21 -43B -68 -1005 -74 -757 -69 -669 39 -290 -312 -310 -228 -403 -503 -88 -193 
SI S2 S7 58 59 510 S15 S16 
60 -18 -228 -74 -58 -40 39 -106 
128 -168 -411 -255 -103 -117 21 -244 
82 -86 -345 -lS5 -67 -76 38 -184 
3 5 1 -10 -2 -3 -3 -14 
61 -20 -224 -61 -58 10 -128 
115 -176 -407 -111 -131 26 -264 
TABLEB3 CONTO. - DATA FROM SERIES 11 COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT. 15Y UNIJ~R ACTION T .. 
STRESS MEAN VALuES INDIvIDIJAL VALUES OF STRAIN 
1"" ill/I .. "". II" t-t n X2 X3 X. X5 X6 X1 X8 X9 XI0 XlI X12 XU X14 XIS X16 Xl1 
-185.29 7.9 -3)2.0 30. -6 11 0 28 -4 2 22 19 16 16 9 20 18 16 5 -7 B 
-558.62 15.9 -9'+9.3 24.3 -6 9 -1 41 -1 6 8 64 48 12 41 21 38 21 -9 -2 29 
":31S~42 13.7 -682.6 ;>.1 -8 2 -2 32 -5 10 27 59 50 15 29 18 31 14 -4 -5 25 
-0.32 1.0 -64.1 -63.3 3 -44 -5 -13 11 1 20 28 25 -5 2 -1 11 3 21 -16 2 
-186.55 5.9 -371>.4 -19.9 -1 -13 -3 26 -2 8 24 29 24 11 1 11 .17 1 6 -ll 7 
-558.10 1'+.4 
-955.7 2.5 -9 -14 -5 38 0 6 Z7 65 53 12 45 19 46 22 -8 -11 30 
Xi8 X19 X20 X21 X22 Xl3 X24 Yl Y2 Y3 Y4 Y5 Y6 '17 '18 Y9 no Yll Y12 Yl3 vII, 
5 6 -11 20 -6 7 -7 -274 -277 -232 -260 -310 -320 -381 -254 -263 -217 -285 -101 -335 -157 
-8 29 -21 55 32 -16 -726 -1025 -629 -948 -845 -1152 -1005 -849 -848 -603 -986 -278 -1126 -431 
2 24 -10 39 17 -2D -539 -692 -448 -633 -638 -790 -780 -559 -529 -431 -655 -163 -182 -323 
-1 10 5 0 -11 -4 -17 -40 -90 -56 -12 -49 -93 -74 _le7 -11 -46 -40 -26 -26 -33 
-5 9 -5 11 -15 -6 -7 -324 -350 -269 -292 -388 -380 -454 -314 -293 -213 -348 -102 -390 -161 
-18 26 -19 55 -26 33 -23 -784 -1021 -669 -894 -895 -1146 -1047 -831 -910 -535 -1077 -200 -1250 -329 
Yl5 Yl6 Yl7 Yl'3 Yl9 Y20 Y21 Y22 Y23 Y24 51 52 53 54 55 se 57 58 S9 510 511 
-412 -180 -469 -359 -530 -221 -569 -83 -584 -145 -214 -16 -319 49 -418 33 -197 -104 -132 -106 -28" 
-1362 -396 -1299 -636 -1484 -448 -1627 -155 -1707 -212 -428 -347 -777 -169 -1056 -110 -373 -321 -547 -5 -1038 
-989 -297 -930 -565 -1072 -377 -1164 -130 -1229 -203 -362 -165 -588 -90 -792 -58 -291 -357 -34 -700 
-62 -61 -75 -14 -81 -63 -116 -41 -153 -104 -65 -96 -29 -63 -141 -36 -30 -32 23 11 
-505 -158 -531 -402 -606 -223 -681 -86 -759 -110 -257 -64 -327 3 -502 14 -215 -209 -209 -62 -305 
-1452 -322 -1346 -619 -1573 -379 -1738 -96 -1874 -56 -465 -363 -822 -151 -1119 -53 -375 -353 -616 78 -1106 
512 513 514 515 S16 Yl V2 Y3 Y4 Y5 Y6 Y1 V8 Yl7 Yl8 Yl9 Y20 Y21 Y22 Y23 Y24 
-200 -129 -349 -33 -155 -121 -65 -43 78 -27 -390 46 -320 -29 -'284 58 -82 130 -45 22 -123 
-204 -515 -774 -146 -501 -101 30 -8 -62 -1397 202 -1193 7 -461 169 -413 311 -361 96 -290 
-18S -316 -595 -87 -33S -80 -42 15 -110 -907 143 -759 0 -445 155 -305 214 -270 111 -247 
25 9 -23 -17 -36 18 -28 -83 -92 -52 -199 -16 -248 -26 -129 -31 -71 25 -43 5 -81 
-131 -126 -48 -175 -163 -172 -143 -75 -127 -534 19 -485 -30 -413 53 -249 137 -132 -17 -143 
-108 -542 -158 -516 
-142 -626 -76 -1l2 -146 -1491 152 -1302 2 -496 15C -479 297 -341 76 -241 
51 52 57 58 59 510 515 S16 
-82 -20 3 -146 45 -100 90 -117 
-87 -398 187 -304 -44 -46 152 -410 
-81 -213 102 -23B 2 -96 145 -262 
-7 -92 17 -16 -2 -41 64 -3 
-98 7 -187 -24 -64 84 -129 
-466 175 -317 -112 -34 137 -415 
TA.BLEB3 CONTD. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ·.ELEMENTS 
ELEMENT JIV UNDER ACTION TL 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
'.a.'I&/II'II e. ... "t -;'""", XI X2 X3 X4 X5 X6 X7 X6 X9 X10 XlI X1l X13 X14 XlS X16 X17 
-164.96 1p.5 
-306.3 -58.2 14 30 -4 17 6 -2 49 -11 6 6 17 4 IS 10 70 '"'20 21 
-556.71 ~ 23.3 
-9'73.6 -160.6 42 30 -7 17 16 24 67 -13 31 18 40 -1 31 lS 141 .,.23 63 
-373.49 14.2 -684.9 -111.5 53 25 -1 16 19 2 67 -19 25 11 34 -6 28 -1 125 .. 27 55 
0.24 
-7.1 -32.2 -21.4 6 -26 -14 3 -2 -12 4 -I 0 -18 3 -7 -1 -8 14 -1 -12 
-185.55 5.0 -344.9 -.61.6 22 13 -4 12 5 -16 47 -12 10 -1 lO -3 11 -3 61 -26 5 
-558.56 13.8 
-990.4 -161.6 43 12 -9 10 24 9 103 -34 29 -13 36 -25 36 -8 150 -46 5S 
XIS Xl9 X20 X21 X22 X23 X24 VI V2 Y3 Y4 V5 V6 V7 Y8 V9 YIO Y11 Yll VI3 Yl4 
5 -7 -8 4 3 0 13 -124 -4l7 -IS3 -374 -224 -479 -lC7 -467 -3l9 -253 -338 -252 -324 -lOS 
20 -20 -18 25 6 3 28 -400 -1485 -479 -1399 -526 -1699 -410 -IHe -843 -999 -636 -1019 -752 ";S38 
-2 -57 -19 12 -2 -3 7 -304 -1024 -399 -939 -454 -1146 -357 -le99 -607 -668 -619 -647 -562 -516 
-43 -ll -14 -I -13 -13 2 -20 -100 0 -86 -63 -118 -37 -93 21 -16 3 -26 -Z2 -8 
-13 -7 0 -13 -6 12 -173 -494 -2l3 -445 -283 -572 -217 -539 -331 -293 -348 -262 -340 -218 
-22 -28 17 -7 5 -3 -429 -1519 -496 -1451 -535 -1768 -414 -1727. -861 -1022 -879 -997 -789 -841 
Yl5 VI6 Y17 Yl~ VI9 Y20 Y21 Y22 V23 Y24 Sl S2 S3 54 S, S6 57 58 S9 510 511 
-238 -302 -288 -275 -269 -261 -366 -270 -444 -109 -167 -167 -334 -44 -28& -44 -245 -106 -49 -137 -49 
-525 -1180 -S35 -840 -827 -821 -998 -977 -1175 -610 -271 -914 -504 -H3 -469 -475 -453 -255 -207 -272 
-401 -761 -591 -620 -569 -607 -704 -692 -859 -396 -252 -552 -287 -430 -259 -369 -334 -161 -170 -176 
-26 -12 -54 -92 -45 -39 -7 -60 -43 -9 -64 -75 lC -23 3 -27 -29 -13 -24 17 
-261 -317 -352 -342 -329 -302 -407 -307 -503 -179 -203 -321 -82 -276 -62 -155 -73 -156 -46 
-578 -1174 -868 -640 -8S4 -80B -1044 -929 -1228 -569 -276 -631 -525 -595 -459 -504 -460 -285 -207 -287 
S12 S13 514 515 516 Yl Y2 Y3 VI, V5 V6 Y7 Y8 Yl7 VIe Yl9 V20 V21 Y22 V24 
-316 12 -195 54 -24-9 -20 -183 -353 -233 10 -624 42 -567 -42 -337 -101 -143 -192 -110 -39 
-794 -194 -540 -79 -680 21 -877 -l31 -877 46 -lC50 156 -ZOIt -2 -775 -l20 -417 -454 -450 -434 -306 
-581 -121 -369 -38 -472 10 -436 -186 -503 9 -1376 105 -1368 2C -598 -156 -300 -313 -314 -252 
15 -1 -\7 -23 -31 -80 -15 a -186 -96 -253· -50 -164 -54 -117 -80 -48 -51 -117 -66 
-317 -1 -229 22 -307 -90 -265 -146 -286 -61 -883 -32 -79 -456 -176 -189 -263 -220 -237 -203 
-762 -216 -562 -97 -697 -43 -864 -286 -696 -32 -2110 104 -28 -8C8 -276 -430 -518 -489 -493 -429 
51 52 57 58 S9 510 515 516 
-45 -1St) 
-68 -95 22 -138 113 -158 
27 -918 -9 -281 -129 -215 123 -554 
-3 -589 4 -203 -39 -174 132 -327 
-66 -88 -27 -56 10 -51 -14 -146 
-88 -293 -119 -160 -20 -198 79 -257 
-13 -1037 -37 -279 -157 -237 8~ -527 
TAaLE·~ CONTD. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT K2Y UNDER ACTION "iT... 
STRESS MEAN VALUES INOIVIOUAL VALUES OF STRAIN 
,T'J,;._'J'II~ <! ... ~ .r..V Xl X2 X3 XI, X5 X6 X7 X6 )(9 XIC x11 )(12 X13 XII, XIS X16 X17 
-185.22 11.7 -323.7 .50.1 22 -6 14 27 26 29 35 22 -15 -27 0 37 9 7 49 -49 -11 
""556.16 25.9 -968,0 86.7 62 -5 31 44 53 17 73 -26 58 -36 1 58 -11 36 79 -52 -15 
~374.04 21~5 -651.0 86.1 63 -26 26 37 41 60 64 -10 46 -31 3 49 -4 26 66 -45 -12 
0.D4 It.5 -25.0 52.8 21 -18 -3 3 14 8 25 2 6 -7 -6 10 10 3 22 -14 0 
"'166.00 16.2 -~5.B 91.7 42 -6 16 19 37 30 53 15 10 -3C 6 34 18 12 55 -16 -3 
-556.96 27.3 -969.2 110.7 75 -14 32 30 64 66 83 -25 64 -25 6 50 -9 32 96 -30 -14 
X16 X19 X20 X21 )(22 X23 X24 Yl Y2 Y3 Y4 V5 V6 v7 YB Y9 no Yll H2 Yl3 VII, 
11 -11 -11 37 14 42 26 -180 -394 -107 -534 -196 -400 -187 -234 -134 -477 -165 -360 -224 -443 
3 -40 -3 95 61 44 32 -244 -1663 -103 -1816 -275 -1467 -394 -546 -230 -1797 -346 -539 -396 -1526 
11 -17 -4 66 35 42 26 -195 -1122 -67 -1296 -195 -1011 -263 -~01 -179 -1206 -273 17 -325 -1019 
2 11 1 -10 4 6 13 -14 ""56 19 -93 13 -52 -14 20' -6 -35 -29 -16 -20 -39 
-4 1 -9 31 15 36 22 -200 -479 -126 -605 -202 -409 -221 '"201 -166 -492 -227 -362 -264 -417 
-3 -34 -7 114 48 53 4 -304 -1661 -166 -1817 -327 -1445 -472 -903 -316 -1749 -448 -410 -523 -1406 
Yl5 Yl6 Yl7 YlB Yl9 Y20 V21 Y22 V23 V24 51 S2 53 54 55 56 57 58 59 S10 511 
-122 -408 -282 -268 -262 -236 -2'09 -441 -16a -404 -44 16 -U8 8 -244 -121 -139 -119 -6 -323 -50 
-130 -1673 -750 -970 -798 -878 -639 -1344 -596 -1276 -81 -546 -316 -471 -399 -779 -232 -444 -97 -776 -248 
-110 -1124 -513 -565 -547 -563 -441 -431 -917 -35 -294 -252 -228 -359 -477 -164 -300 -53 -619 -179 
4 -95 -15 13 -16 66 -19 -76 -55 16 60 28 68 -42 12 -7 -7 -47 -134 -9 
-160 -429 -Z66 -255 -303 -Z21 -296 -408 -327 -362 -58 42 -168 25 -251 -120 -126 -137 -104 -335 -118 
-248 -1510 -807 -BOO -890 -772 -193 -1156 -825 -1077 -125 -480 -368 -416 -462 -711 -213 -466 -240 -666 -376 
512 513 514 S15 510 Yl V2 V3 Y4 Y5 Y6 Y7 Y8 Yl7 Yl8 Yl9 Y20 Y21 Y22 Y23 Y24 
-442 20 -273 71 -250 -85 -257 -36 -133 -28 -7 25 -114 -38 -lCO -30 -40 51 -81 102 52 
-1071 -lIS -713 1za -997 -44 -751 106 -346 19 -78 31 -252 30 -249 1 -68 155 -276 192 81 
-810 -23 -516 126 -690 -43 -517 59 -253 22 -75 48 -181 23 -167 22 9 132 -159 162 25 
-81 54 -45 26 -55 -27 26 -27 -14 -38 -68 -Z3 -177 -19 26 -10 61 -30 124 -14 -32 
-441 15 -283 74 -313 -107 -244 -34 -123 -11 -64 -18 -164 -35 -74 -6 30 70 5 108 -Z5 
-1005 -170 -703 105 -1013 -94 -839 88 -384 2 -156 -26 -314 -33 -275 -42 -40 157 -195 127 -18 
51 S2 57 58 so 510 515 516 
18 69 -93 -18 1 -21 36 -145 
-33 26 -245 101 4 124 -338 
-23 '"59 -157 40 12 95 -242 
4 11 44 -11 -121 -37 7 -18 
-67 61 -55 -109 -8, -70 67 -117 
-133 34 -230 -27 -13 91 -'362 
TABLEB3 CONTD. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ONP·ROTOTYPE ELEMENTS 
ELEMENT LGY U~DERACTION To. 
STRESS MEAN VALUES I~OIVIOUAl VALUES OF STRAIN 
T .. 14/,4 t ... E.., 7I'~, Xl X2 X3 X4 X5 X6 X7 XB X9 no X11 X12 X13 Xl4 US xlb X17 
-184.85 16.6 
-,,1.9 6.~ 8 11 7 36 6 25 15 -10 2 34 38 21 35 16 a 10 30 
-556.28 50.8 -10'+7.5 44.~ 17 29 11 133 2B 74 28 -13 63 100 56 108 47 19 21 60 
-373.42 :51.0 -712.1 25.1 11 25 15 96 16 53 24 -5 66 72 41 74 44 0 16 52 
-0.23 
-0.0 -128 .:2.2 -0 4 -2 11 -3 -4 1 7 1 11 0 -3 -8 a -11 -6 6 
-185.05 17.4 -349 6.6 0 20 1 50 1 29 3 -5 0 28 39 27 30 21 -11 12 31 
-551.49 50.9 -10~.1 ~5.8 17 28 e 132 28 16 23 a -8 65 102 57 114 55 14 13 55 
)(18 Xl9 X20 X21 X22 X23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y1 Y8 Y9 Y10 Y11 Yl2 Y13 Y14 
46 5 23 15 25 -13 5 -135 -482 -109 -451 -212 -286 -219 -J33 -333 -322 -393 -365 -315 -318 
124 21 93 50 96 14 35 -266 -ln8 -168 -1563 -396 -1218 -50e -l3ce -919 -1108 -1083 -1231 -1068 -1220 
91 11 63 30 73 -2 11 -205 -1098 -163 -1001 -350 -738 -410 -794 -674 -135 -753 -833 -758 -836 
7 a 0 -1 4 -4 -8 6 -30 a -52< -23 -525 -517 -516 -505 -18 -10 -27 -22 -31 
45 0 30 10 37 -14 21 -134 -495 -109 -466 -233 -327 -247 -:!43 -335 -336 -390 -389 -399 -402 
125 16 96 53 94 7 41 -259 -1736 -182 -1515 -394 -1236 -526 -1335 -1022 -1068 -1115 -1204 -1120 -1195 
Y15 Vi6 Yl7 YlS Yl9 Y20 Y21 Y22 Y23 Y24 51 52 53 S4 55 S6 57 S8 59 S10 S11 
-313 -290 -327 -357 -394 -354 -222 -96 -137 -127 -181 -273 . -179 -95 -70 -15~ -94 -264 
-887 -1070 -1026 -1084 -1216 -1131 -811 -161 -603 -324 -679 -785 -bOE -263 -263 ":466 -388 -813 
-615 -716 -690 -447 -735 -544 -827 -579 -746 -531 -136 -347 -246 -4~2 -560 -420 -162 -166 -292 -255 -580 
3 -63 -4 -13 -27 3 -24 1 -18 19 4 -7 10 -32 -19 -17 7 -2 -3 9 -21 
-324 -328 -333 -222 -379 -263 -420 -262 -382 -216 -96 -136 -141 -215 -306 -183 -90 -77 -159 -99 -290 
-932 -1049 -1072 -620 -1143 -762 -1281 -807 -1216 -747 -153 -612 -342 -693 -822 -5~6 -284 -246 -504 -339 -852 
S12 513 514 SIS S16 Yl Y2 Y3 VI, Y5 Y6 V7 YB Yl7 YIB Yl9 YZO Y21 Y22 Y23 V24 
-120 -146 
-198 -45 -210 -65 
_-:256 -27 -387 -156 -142 -134 -326 -121 9 -79 -23 -93 -85 -130 -9 
-426 -410 -673 -lOB -750 -132 -1157 -53 -1317 -312 -733 -317 -1394 -402 79 -246 -111 -365 -165 -442 -10 
-272 -306 -451 -65 -462 -105 -663 -44 -829 -250 -370 -224 -841 -248 49 -124 -39 -20e -75 -272 60 
-1 0 -10 -4 4 -18 -43 -17 -50 -16 -40 -13 -31 -20 -19 -18 -578 11 46 -t6 -6 
-123 -148 -211 -49 -215 -94 -262 -67 -397 -194 -169 -152 -346 -103 43 -62 35 -73 -14 ':159 35 
-400 -424 -672 -61 -761 -135 -1159 -60 -1349 -303 -775 -308 -1412 -)78 130 -244 -44 -367 -98 -466 16 
Sl 52 S7 58 S1 S10 S15 S16 
-87 -138 
-13 8 -68 -14 -91 -197 
-190 -709 -84 11 -5 -141 -628 
-120 -403 -42 17 4 -109 -373 
29 -2 22 -10 26 25 -7 -5 
-131 -144 -31 -6 -87 22 -56 -194 
-212 -702 -74 42 -321 36 -141 -664 
TABLE B3 CONTO. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
elEMENT A5X U~DE" ACT! ON 1; 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
;; J./;II 1:-.. ~ .... "If Xl X2 X3 X4 X5 X6 X7 X6 X9 XI0 HI '12 X13 X14 XI5 U6 X17 
-366.40 -115.1 26.7 -"S.l' -q2 -94 -219 -216 -132 -42 -144 -67 -69 -96 -187 -164 -101 -79 -113 -106 -21 
-1094.93 -375.4 43.7 -33.0 -396 -356 -513 -476 -391 -255 -503 -351 -317 -356 -444 -449 -310 -309 -400 -401 -140 
-132.46 -'245.0 23.3 -65.4 -242 -199 -391 -353 -269 -140 -354 -173 -169 -206 -)44 -322 -213 -178 -270 -247 -66 
0.70 -'2.0 20.1 23.6 -10 5 -28 -4 -5 14 -7 10 -6 5 -19 5 a 13 4 5 5 
-365.61 -111.5 36.0 -35.0 -95 -62 -231 -202 -132 -31 -155 -46 -73 -75 -198 -164 -109 -59 -111 -7a -23 
-1094.74 
-372.4 47.2 -98.0 -390 -359 -507 -465 -361 -263 -496 -353 -325 -345 -439 -446 -312 -306 -394 -394 -147 
X 16 X19 X20 X21 X22 X23 X24 VI V2 Y3 V4 V5 Vb V7 VB V9 no Yll Yl2 VB v14 
-82 -212 -76 -17 -105 -112 105 -1 46 42 -15 146 42 116 -44 161 -24 176 36 -89 
-372 -495 -210 -268 -392 -407 474 136 139 123 -7 349 210 ::63 -30C 178 -152 370 27 -203 
-207 -387 -276 -191 -161 -255 -238 314 58 105 99 -4 267 154 267 -203 224 -101 337 U -164 
2 -28 0 -2 3 -11 -1 9 -3 12 -32 -4 26 37 2& -16 70 161 21 -4 
-67 -228 -143 -93 -61 -Ill -97 79 -21 34 13 -13 163 60 136 -72 237 285 52 -69 
-349 -497 -407 -273 -259 -390 -400 447 132 146 62 -5 317 235 BO -305 209 -148 401 25 -183 
VIS V16 V17 Via VI~ V20 V21 V22 V23 V24 SI S2 S3 54 55 S6 S7 S8 S9 S10 Sl1 
-6 -139 35 26 -71 46 31 35 103 122 119 -93 29 -77 -184 -156 -179 155 -25 
-78 -390 142 56 97 241 118 -316 196 -42 -146 377 -333 -602 -410 -381 643 -In 
-49 -314 -1 82 35 72 164 88 -516 219 -13 -92 342 -217 -463 -321> -297 42 506 -126 
-14 -70 32 -15 29 -35 20 33 -5 71 220 159 -37 76 16 -17 -159 -112 153 131 1 
-14 -181 27 q 39 -99 33 62 6 142 228 98 -117 166 -105 -185 -217 -207 86 208 -11 
-11 -405 43 110 62 -103 87 256 93 -302 200 -74 -189 425 -371 -548 -440 -381 4a 641 -158 
512 S13 514 SIS 516 Yl V2 V3 V4 V5 Vb V7 V6 Vl7 Vl6 Y19 V20 V21 V22 V23 V24 
-92 -12 192 -77 -221 35 60 80 36 32 58 36 18 0 61 75 109 39 167 66 215 
-413 -293 -38 -42 -338 97 156 200 112 170 211> 117 -20 91 184 268 203 207 117 347 651 
-146 130 -94 -264 19 47 88 -17 83 97 68 -30 113 1~8 170 141 122 192 470 
94 175 -172 -26 -147 -39 -124 -63 -46 -52 -19 21 40 -16 27 -30 11 43 
-11>4 31 218 -218 -35 -61 28 -68 2 43 -19 -1 4 114 61 124 M 242 68 287 
-463 -218 -34 -62 -322 54 14 151 4 123 54 20 -146 96 221 249 227 166 329 330 637 
SI S2 57 58 S9 S10 S15 516 
16 -39 -89 -100 3 30 90 -119 
-60 -5 -344 42 -116 302 -377 
-41 -9 -209 19 -24 236 -290 
-41 -51 -8 -44 32 76 -7 -108 
-21 -35 -102 -82 -22 68 93 -187 
-111 -1 -325 -337 16 -40 250 -413 
TABLE 133 CONTD.-DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT SlX U~DER ACTlO"l To 
STRESS MEAl< VALUES INDIVIDUAL VALUES GF STRAIN 
I./'J~~ I!... t,. 7A >J Xl X2 X3 X4 X5 X6 X7 XS X9 Xle X11 Xl2 X13 X14 X15 X16 Xi7 
-311.26 
-139.4 -0.5 9.2 -144 -109 -155 -115 -127 -96 -95 -60 -167 -165 -252 -128 -154 -141 -92 -119 -192 
-1116.22 
...-%9.5 30.1 136.0 -541 -320 --491 -He -451 -306 -491 -334 -504 -447 -790 -330 -493 -438 -477 -513 -492 
-748.22 
-?IJ7.6 23.1 87.4 -355 -207 -345 -193 -304 -171 -311 -161 -333 -298 -568 -214 -339 -288 -298 -31b -308 
-0.0 6.7 13.5 42.2 -9 0 -13 12 -8 25 26 18 11 9 -41 18 -8 30 26 10 70 
-372.24 
-132.5 12.0 57.8 -149 -102 -177 -79 -137 -61 -97 -44 -149 -145 -295 -100 -116 -118 -108 -96 -118 
-1118.82 
-469.1 32.7 150.9 -559 -315 -509 -3D2 -452 -312 -485 -331 -511 -448 -817 -313 -494 -429 -461 -497 --467 
XIS X19 X20 x21 X22 X23 X24 VI Y2 Y3 Y4 Y5 YI> V7 V8 Y9 viC V11 Yl1 YB YI4 
-252 -95 -138 -151 -130 -104 -155 -27 -5 50 -33 8 -52 -53 3 53 39 44 37 60 -30 
-795 -288 -438 -434 -453 -446 -620 -55 119 117 -67 45 52 116 qz 39 -35 74 127 113 -56 
-538 -195 -2a8 -341 -298 -269 -402 -38 49 181 -50 69 4 45 26 13 29 87 104 100 -45 
-20 -I> -1 -12 -5 19 I> -16 -2 110 6 115 -73 -4 -24 -9 34 -26 27 13 -9 
-255 -100 -123 -172 -113 -38 -160 -85 -20 160 -49 n6 -aa -10 -29 bO 64 53 57 a6 -44 
-811 -291 -405 -499 -441 -443 -635 -127 120 215 -16 77 29 141 86 26 -33 73 123 124 -61 
Y15 Ylb Yl7 Yl~ Yl9 V20 Y21 V12 Y23 V24 SI 52 53 54 55 56 57 S6 S9 S10 S11 
105 45 54 -40 57 -119 33 -61 50 -156 86 -e -161 -133 -7'1. -59 -13 -114 4 -35 -58 
230 53 237 -21 140 -298 41 -65 2 -11S 407 26 -304 -311> -352 -196 -124 -448 -110 -12 -347 
22a b7 171 -24 81 -237 ~ -63 -25 -162 403 17 -237 -244 -290 -113 -38 -301> -72 -26 -I'll 
114 -7 55 5 7 -62 -34 -17 -36 -11 400 25 -eo 6 -112 42 12 -53 0 33 53 
202 22 101 -99 60 -161 16 -87 17 -159 393 0 -202 -123 -156 21 -14 -158 -14 -22 -17 
280 43 252 -72 131 -316 51 -72 -2 -114 458 44 -306 -310 -382 -144 -140 -468 -111 -91 -322 
512 513 514 SIS S16 Yl Y2 Y3 V4 Y5 Vb Y7 Y8 Y17 Y18 Yl9 YZO Y21 Y22 Y23 V24 
-70 71 -74 -267 -143 50 -59 171 -81 92 -21> 116 44 113 -78 14 -43 45 16 15 -184 
-163 -106 -131 -385 187 -11 46e -282 389 51 271 103 316 -94 261 -212 238 48 154 -134 
-108 36 -603 -261 125 -91 31>0 -220 277 46 204 10 205 -42 163 -184 173 7 89 -194 
7 202 30 -311 -77 -63 -113 66 -94 -28 
-17 -96 37 17 -8e -20 -51 25 -18 20 -20 
-89 187 -91 -464 -184 -16 199 -190 92 -46 46 46 60 -92 40 -128 51 -60 38 -259 
-162 -57 -432 -157 -429 89 474 -382 353 -10 244 85 239 -119 251 -217 243 29 133 -189 
51 52 57 53 59 S10 515 516 
21 38 -1>9 -101 -5 -55 -49 -155 
165 120 -314 -412 46 -30 -131 -430 
109 81 -194 -236 16 -42 -42 -360 
-11 23 -43 -4 18 23 63 -59 
17 35 -106 -91 3 -76 -55 -220 
143 82 -364 -437 31 -53 -163 -488 
TABLE B3 CONTC.-1)ATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT C2X UNDER ACTION 1; 
STRESS MEAN VALUE5 t',,~ I~DIVIOUAL VALUES OF STRAIN ii 16J,:. f" E. XI X2 X3 X4 X5 X6 X7 X8 X9 XIO X11 X13 X14 XIS X16 Xl7 
-371.07 -178.2 12.3 5'>.1 -146 -82 -199 -251 -116 -83 -266 -164 -137 -125 -180 -131 -146 -220 -199 -380 
-1119.93 -57}.7 "5.9200.8 -526 -419 -553 -669 -417 -358 -807 -S82 -440 -553 -~26 
-65" -<,23 -529 -702 -656 -10S7 
-748.90 -382.3 36.8151.7 -360 -231 -383 -474 -265 -209 -567 -361 -290 -312 -370 -463 -275 -327 -496 -436 -746 
-0.0 -2.7 11.2 26.0 8 17 0 -6 -1 8 -9 9 -7 0 10 -6 9 15 -17 -1 -74 
-371.78 -183." 19.7 Bo.8 -153 -65 -255 -117 -80 -245 -198 -145 -135 -174 -233 -124 -150 -219 -220 -425 
-1118.00 -571.8 50.2 196.9 -543 -408 -047 -416 -359 -759 -620 -446 -534 -534 -639 -426 -522 -671 -673 -1064 
X18 X19 X20 X21 X22 X23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Yll Yl2 V13 Yl4 
-180 -174 -185 -136 -155 -160 -21'1 84 -23 16 4 46 -27 26 -8 -77 108 42 9 84 -35 
-633 -470 -595 -437 -522 -551 -6Bl 313 2 161 35 16B -23 50 119 -201 69 47 -69 197 -133 
-394 -337 -398 -294 -339 -381 -451 223 -18 95 5 112 -33 40 39 -148 116 65 -35 187 -116 
4 3 -16 1 4 -20 2 128 -24 0 -3 15 4 15 24 -38 -25 -3 19 10 -15 
-173 -177 -189 -13B -164 -173 -235 167 -56 33 -6 61 -26 43 -10 -8~ 112 52 16 108 -40 
-636 -473 -560 
-"38 -523 -529 -707 403 -9 165 33 155 -26 34 121 -2iB 83 32 -44 179 -112 
Yl5 Y16 Y17 Y1A Yl9 Y20 Y21 Y22 Y23 Y2~ 51 52 53 5" 55 S6 57 S8 59 S10 511 
153 -84 45 34 29 -9 24 -46 -20 26 -2 30 -42 -165 -64 -12~ -5C -75 -223 -107 7 
318 153 120 99 75 47 IB -17 220 -13 87 -20 -354 -a03· -40b -235 -283 -57/) -I'll -86 
287 121 107 71 47 45 -7 -19 99 24 112 -1 -281 -230 -265 -124 -131 -464 -144 25 
-1 13 -4 -3 7 -4 32 2 0 23 105 84 -9 -69 -1.1 -1 30 -71 0 89 
165 -71 47 25 33 3 35 -32 5 32 62 66 -SI -140 -129 -102 -50 -220 -140 93 
302 -221 127 127 92 97 36 50 -26 251 -61 120 -74 -294 -3~1 -373 -227 -284 -523 -223 -49 
512 513 514 515 Sib Yl Y2 Y3 Y4 Y5 Y6 Y7 YB Y17 Yl8 Y19 Y20 Y21 Y22 Y23 Y24 
-119 -104 -256 -138 75 111 62 -115 70 8 -60 0 51 94 11. 98 65 87 65 163 
-393 -485 -626 -41. 234 272 249 -141 328 221 -232 102 252 ~72 149 313 262 263 185 440 
-256 -301 -105 -4B6 -298 172 194 151 -199 198 lOS -193 -75 H2 276 88 251 161 205 122 356 
23 24 69 -103 -2 -66 -32 -61 -39 -113 -SI 19 -8 -8 3 -11 27 -57 63 
-138 -S3 9 -303 63 145 73 -134 99 -7 -74 154 174 43 154 107 138 26 243 
-436 -436 -281 -574 -490 203 259 227 -207 330 150 -223 152 leC "05 144 371 222 281 152 546 
51 52 S7 S8 S9 S10 SIS 516 
-20 -37 
-91 15 
-6' -96 -194 45 
-70 -82 .-394 14 -29 -14~ -369 76 
-31 -66 -249 70 -40 -124 -225 90 
9 26 -4 32 6 9 22 -43 
6 4 -109 65 -27 -96 -125 -24 
-70 -28 -404 23 15 -186 -327 28 
TABLE B3 CONTD. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT DGX UNDER ACTION 1/ 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
7; 161, .... "- ..., -I..., XI x2 X3 X4 X5 X6 x7 x8 X9 XI0 Xli x12 x13 X14 X15 X16 X17 
-371.23 -183.2 16.3 38.5 -154 -167 -217 -230 -212 -155 -106 -158 -213 -185 -225 -192 -178 -195 -145 -219 -196 
-1104.82 
-571.3 53.1 103.5 -575 -556 -553 -639 -599 -541 -396 -562 -643 -630 -~06 -559 -501 -639 -480 -761 -524 
-740.45 
-383.4 36.0 73.8 -374 -387 -393 -43B -420 -359 -236 -357 -443 -407 -430 -373 -34B -417 -311 -490 -317 
0.12 
-1.7 10.1 8.0 -4 6 -3 2 -10 4 -3 4 -\7 5 -7 0 -4 4 0 -4 -4 
-369.50 
-187.8 -4.5 41.6 -159 -\78 -229 -239 -211 -165 -110 -141 -239 -192 -235 -202 -182 -191 -142 -223 -211 
-1104.19 
-572.4 56.1 115.4 -581 -560 -550 -642 -594 -545 -412 -543 -650 -631 -615 -563 -504 -636 -483 -754 -529 
X IB X19 x20 X21 x22 X23 X24 VI V2 Y3 V4 V5 V6 V7 V8 V9 YlO Vll Yl2 V13 Yl4 
-210 -124 -210 -157 -220 -146 -171 72 8 24 37 -23 18 -14 61 53 -6 31 16 7B 40 
-695 -335 -686 -456 -680 -479 -609 193 32 83 69 -27 67 21 IB2 lC7 -61 38 22 212 91 
-453 -229 -464 -317 -456 -319 -393 145 7 62 36 -21 11 -3 9B 103 -33 44 22 158 74 
2 0 -7 -3 -3 0 3 32 -34 5 0 -6 7 -10 11 8 -4 11 12 12 21 
-207 -120 -221 -153 -234 -139 -173 100 -32 34 8 -17 -4 -15 36 55 -3 35 2B 92 47 
-692 -341 -6B4 -453 -biB -478 -604 209 9 83 56 -21 65 2~ It9 95 -61 35 27 213 96 
Yl5 Yl6 Yl7 VB Yl9 V20 V 21 V22 V23 V24 SI S2 S3 S4 S5 S6 S7 SB S9 SID SI1 
27 -45 14 48 42 -13 14 1 5 -27 -7 -106 -17 -75 -l7 -138 -3 -71 -56 -72 -110 
53 -114 -6 243 103 41 75 104 93 73 -56 -337 -193 -200 -61 -454 -137 -256 -173 -199 -398 
39 -85 0 144 70 10 46 53 55 22 -15 -247 -122 -127 -23 -326 -47 -149 -105 -127 -268 
-11 29 -1 5 4 0 -9 9 -3 3 0 5 10 36 12 -11 -10 B -6 13 -10 
15 -21 14 42 37 -21 6 15 6 -25 6 -131 -48 -71 11 -178 20 -90 -85 -42 -136 
44 -101 1 23b 108 28 83 94 95 60 -64 -326 -189 -175 -63 -447 -141 -244 -181 -201 -390 
S12 S13 S14 S15 S16 Yl V2 Y3 V4 V5 V6 V7 V8 V\7 Yl8 Yl9 V20 V21 Y22 V23 V24 
-64 -122 -72 -157 -134 172 -63 101 107 180 112 16 20 53 180 42 -4 -31 39 -\7 -7 
-216 -388 -300 -424 -376 445 -313 258 246 610 353 185 63 202 t60 184 53 122 163 119 150 
-114 -271 -174 -308 -250 352 -273 190 149 411 186 III -17 85 404 93 53 56 126 52 80 
17 -4 0 -9 -15 -9 -95 3 -71 -8 -89 -10 -57 -98 -50 -18 -6 -42 -7 -26 22 
-27 -135 -52 -184 -138 168 -155 96 43 164 -5 -7 -55 -13 155 -13 -47 -54 49 -43 2426 
-226 -392 -309 -425 -404 450 -404 230 179 612 205 185 12 145 t42 154 39 108 149 113 104 
SI S2 S7 S8 S9 S10 S15 S16 
-15 -164 27 8 -127 -115 -80 11 
41 -436 -42 14 -217 -102 -276 98 
22 -371 7 37 -161 -88 -192 76 
-11 -27 -7 -15 -20 23 4 -13 
-8 -164 19 -B -147 -b9 -\30 1 
20 -442 -34 \7 -221 -124 -259 51 
TABLEB3 CONTO. -DATA FROM SERIES U COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT E5xUNOERAC nON .. 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
.., -1"':'" ....... 
.... 7;'1 Xl X2 X3 X4 X5 X6 X7 l(8 l(9 XI0 Xli X12 X13 X14 XIS X16 X17 
-368.67 ~15.1 31.9 6. -122 -188 -276 -217 -257 -207 -143 -111 -42S -225 -,254 -284 -240 -292 -95 -197 -172 
-1110.<'1 -616.6 93.987.1 -466 -504 -846 -48S -876 -515 -739 -508 -1361 -639 -698 -671 -741 -747 -538 -714 -427 
-743.93 .;462~4 78.7 68.2 -313 -349 -579 -356 -625 -319 -459 -Z81 -979 -432 -48Z -494 -53Z -531 -335 -453 -295 
-0.0 -12.2 29.0 102.0 -28 6 -14 -8 -Z8 15 -22 -1 -62 a -14 -22 -28 3 2 LZ -9 
-369.1>0 -<23.9 60.5 ~.7 -139 -161 -305 -204 -315 -203 -145 -126 -455 -211 -277 -275 -285 -Z78 -106 -lee -177 
-1111.82 -680.0 100.1 90.2 -473 -503 -859 -485 -886 -491 -714 -578 -136Z -644 -710 -66B -759 -735 -531 -727 -407 
XI8 X 19 XZO X21 X2Z XZ3 XZ4 Yl Y2 Y3 v4 Y5 Y6 Y7 Y8 Y9 YI0 Yll Y12 Y13 Yi4 
-186 -306 -206 -184 -217 -112 -Z3Z -68 39 50 142 86 91 -51 43 132 113 145 15 45 -15 
-707 -798 -755 -478 -697 -484 -830 -9 339 175 544 318 Z73 -160 52 2Z4 -ZI 28Z -125 33 13 
-441 -616 -489 -338 -496 -279 -554 -71 Z03 13<- 3BO 215 ZZ3 -131 46 272 64 256 -47 43 3 
-13 -25 0 -18 -10 9 -33 8 3 17 2a 8 33 -2 5 99 8 105 -8 49 14 
-204 -353 -210 -200 -219 -102 -227 -79 73 48 156 94 -67 47 259 105 222 4 85 29 
-712 -S03 -744 -502 -713 -415 -828 43 382 177 563 295 -155 70 261 -42 310 -143 46 38 
Yl5 V16 Yl1 VIS n9 Y20 Y 21 Y22 Y23 Y24 51 52 S3 54 55 S6 57 S8 S9 S10 511 
-20 -90 46 2 -36 -27 55 -30 120 -9 136 131 -239 -360 -34 -125 -51 -102 60 -99 -104 
-17 -96 248 50 -121 8 146 87 124 219 53 56 -478 -604 -142 -433 -65 -404 -67 -183 -592 
-32 :"11 Z10 0 -113 -4 81 55 95 123 135 86 -371 -486 -51 -237 a -289 -16 -140 -406 
16 -2 94 -Z7 50 -20 -14 -15 -44 27 311 161 -115 -89 113 73 27 -68 20 30 -55 
11 -48 97 -15 2 -41 68 -57 129 -11 241 158 -319 -331 39 -10 -38 -95 137 -151 -145 
14 -82 <30 25 -124 3 148 63 131 251 89 82 -559 -566 -us -317 -1l3 -401 20 -280 -562 
512 513 514 S15 S16 Yl Y2 Y3 Y4 Y5 Y6 Y1 Y8 Yi1 Yl8 Yl9 Y20 V21 Y22 Y23 Y24 
-16 77 194 -475 -323 -10 -93 92 50 299 101 42 0 14 56 19 -72 62 -80 18 83 
-229 -250 -130 -955 -347 51 -10 426 28" 1198 267 211 -22 -52 319 117 -14 404 -208 190 292 
-149 -93 85 -796 -299 -23 -193 248 108 815 145 109 -21 -30 170 31 -16 264 -213 115 113 
-13 195 185 -435 -228 -134 -246 -18 -188 25 -91 -26 -35 -19 -22 -42 -90 0 -39 5 -66 
-122 172 239 -604 -366 -109 -250 99 -64 349 36 34 -101 -16 78 16 -202 11 -122 -22 18 
-282 -196 -159 -934 -316 -22 -149 383 142 1162 165 206 -95 -99 338 76 -125 381 -299 95 238 
SI 52 57 58 59 510 515 516 
61 -41 -104 -44 -22 -76 -224 -195 
129 -172 -699 -7 -11 -324 -384 -622 
78 -109 -412 20 -45 -231 -301 -499 
2 -2 -43 -42 0 -48 -60 -71 
16 -104 -138 55 14 -178 -246 -331 
82 -219 -741 33 -36 -398 -423 -115 
TABLE B3 CONTO. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT FIX UNDER ACTION To 
STRESS MEAN VALUES INOIVIOU"L VALUES OF STRAIN 
7, #>/.:.. e~ 6~ t'u# Xl X2 X3 X4 XS X6 X7 XB X9 XI0 Xl! x12 X13 X14 X15 Xl6 X17 
-370.61 ...2;;4.9 9.7 -139.0 -331 -261 -32~ -222 -192 -95 -218 -124 -184 -163 -258 -241 -196 -166 -1315 -252 -129 
-1117.99 
-'/03.5 49.8 -71.9 -1394 -875 -e96 -612 -739 -398 -764 -391 -652 -4~4 -75S -67" -663 -553 -1137 -779 -499 
-746.56 
-'+69.1 39.9 -60.1 -963 -570 -650 -415 -465 -212 -519 -229 -421 -310 -533 -463 -446 -334 -781 -522 -310 
0.08 -4.6 16.1 36.5 -&1 -19 -29 -3 1 42 -28 28 C 10 -11 -4 3 45 -28 -17 -2 
-370.77 -221.5 29.9 -19.8 -382 -314 -354 -227 -55 -269 -76 -179 -154 -281 -252 -219 -119 -361 -233 -139 
-1116.76 -'/07.2 62.3 -73.6 -1373 -943 -895 -741 -398 -803 -351 -637 -501 -115 -688 -669 -536 -1158 -161 -467 
ne X19 X20 XZI X22 X2, X24 Yl Y2 Y3 Y4 vS Y6 Y1 v8 Y9 no V11 Yl2 YB Yl" 
-186 -193 -211 -164 -227 -213 -247 n -27 66 46 -15 72 78 63 60 . -4 19 -30 12 -23 
-657 -574 -699 -508 -685 -647 -825 84 70 164 135 -ll 201 298 338 106 -175 120 -105 26 17 
-429 -403 -466 -334 -457 -446 -542 81 19 146 91 -12 133 205 255 111 -lOG 103 -10 25 23 
-5 -19 14 10 -7 -22 -8 -11 11 &0 -7 35 -5B 33 13 22 -33 12 10 13 32 
-202 -223 -210 -160 -197 -21B -262 -11 -21 42 61 -13 70 89 211 86 -7 81 -1 34 22 
-665 -610 -692 -511 -615 -649 -817 t 141 151 163 113 294 464 121 -181 109 -96 57 23 
Y15 Y16 Yl7 YlS Yl9 Y20 Y21 Y22 Y23 Y24 51 52 S3 S4 S5 56 57 58 S9 510 511 
-107 -65 18 32 5 23 36 -40 119 -65 1 112 -272 -275 -223 -177 -127 -649 -32 -108 28 
-265 -55 n 230 19 lOS -2 -28 341 -29 -206 76 -530 -454 -535 -435 -420 -563 -181 -114 -216 
-190 -35 51 14B 4 148 14 -46 249 -63 -78 114 -398 -319 -413 -315 -26G -338 -105 -95 -109 
28 -44 -35 68 -1 27 18 -2 42 -19 288 7B -90 -152 -38 45 38 -1 24 14 31 
-53 -68 0 141 5 61 29 -31 116 -87 182 94 -229 -297 -211 -114 -7S -169 -73 -63 -24 
-215 -123 71 307 28 222 -14 -18 347 -44 -98 20 -412 -537 -501 -465 -368 -592 -251 -25 -256 
512 S13 514 515 SIb Yl Y2 Y3 Y4 Y5 Y6 Y1 v8 Yl1 Yl8 Y19 Y20 Y21 Y22 Y23 Y24 
-58 56 41 -190 -273 -2 117 17 16 111 -6 188 195 86 54 53 -53 130 112 62 89 
-158 -239 -325 -724 -SOD -44 290 266 -7 380 -21 903 422 169 253 129 -37 427 218 290 265 
-90 -78 -148 -511 -368 -86 187 164 -45 228 -32 624 307 120 168 99 -38 311 147 188 210 
-9 138 154 -384 -So -83 -183 -33 -16B -36 -93 3 -11 29 59 19 -6 25 -3 53 57 
-13 51 104 -492 -205 -141 -37 16 1 45 -68 191 161 54 86 54 -32 146 86 59 127 
-123 -255 -221 -SAl -417 -88 143 246 40 359 -76 845 427 116 344 114 2 430 266 319 215 
51 S2 51 S8 59 510 515 S16 
-21 11 -229 q -4 -135 125 53 
-101 -163 -642 53 46 -246 284 10 
-94 -64 -446 48 14 -169 239 38 
31 -6 15 -24 2 0 -4 -51 
-29 1 -214 18 -45 -86 83 -38 
-65 -178 -628 III 6 -197 220 -4 
TABLE 133 CONTD. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEl<ENT G2X UNDER ACTION ,-, 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
It "/~ ... ~ .., .. ~ Xl x2 '3 X4 X5 X6 'J.7 xa X9 XI0 X11 x12 X13 Xl4 XIS XII, X17 
-365.91 -2}1.1 18.2 -J4.8 -lab -298 -234 -203 -188 -169 -149 -245 -242 -233" -321 -300 -226 -204 -174 
-1095.76 -7}6.3 59." -}." -643 -119 -695 -600 -880 -114 -535 -921 -599 -121 -910 -825 -775 -532 
-734.13 -"99.2 45.9 -13.5 -338 -416 -508 -417 -412 -699 -562 -450 -346 -582 -431 -490 -669 -566 -514 -346 
0.23 -12.5 1.;.1 11.6 -5 1 -8 6 -6 -16 -22 12 e 1 -18 3 -25 -30 -42 -25 13 
-366.98 -2'+1." 28.7 6.7 -112 -182 -256 -263 -212 -371 -176 -131 -255 -Z27 -271 -361 -322 -233 -2Z8 -158 
-1097.44 -7'+2.7 67.1 2.3 • .3 -527 -b4B -bB1 -727 -613 -984 -697 -521 -949 -519 -752 -929 -845 -636 -775 -531 
X18 xB X20 )(21 X22 x23 X24 Yl Y2 Y3 Y4 Y5 Yb Y7 Y8 Y9 no Yll Y12 YB Yl4 
-206 -262 -250 -210 -332 -169 -265 46 -12 0 34 -12 31 -67 69 -12 16 -2 76 -8 64 
-767 -714 -865 -861 -499 -1008 196 -40 53 101 70 52 46 123 -52 31 -6 112 16 30 
-481 -531 -581 -616 -321 -655 151 -49 21 92 36 42 3 98 -38 27 11 98 11 54 
-10 -28 -6 -18 -14 -23 -41 21 -34 -4 22 26 25 16 36 26 -3 26 -I -20 2 
-210 -269 -30B -230 -337 -162 -281 28 -29 -14 46 17 36 -69 117 -8 51 25 63 -14 61 
-185 -697 -917 -519 -853 -492 -1010 166 -23 50 III 85 37 43 152 -69 73 -7 112 15 48 
Yl5 Ylo Yl1 VIS YH Y20 Y21 Y22 Y23 Y24 51 S2 53 54 55 56 57 58 S9 510 511 
-48 55 -4 114 a 22 14 29 88 -34 63 5 -318 -118 -202 -48 -14 -21 -95 -55 
-100 -30 156 243 77 -19 313 129 201 103 130 -157 -644 -379 -469 -246 -292 -250 -201 -214 
-95 a III 191 19 -12 223 13 144 2Z 164 -95 -523 -236 -351 -463 -13S -158 -144 -121 -H8 
-43 -28 29 6b 30 -13 22 15 -2 18 199 -11 -91 -5 -17 -2 -24 15 19 32 23 
-83 71 42 129 39 10 125 31 102 -15 77 66 -385 -38 -264 -95 -62 45 22 -Ill 13 
-113 -2 155 241 16 -11 324 131 210 143 11 -90 -613 -310 -550 -541 -281 -254 -243 -210 -162 
512 S13 514 515 516 Yl Y2 Y3 Y4 Y5 Y6 Y1 VS Vl7 Vl8 Yl9 Y2C Y21 Y22 Y23 Y24 
-94 -35 -125 -151 130 66 65 ISO 30 93 -14 10 -29 149 -139 -168 60 114 61 69 
-448 -318 -320 -41g 363 157 250 639 210 291 176 135 13 528 -395 -533 202 396 325 329 
-323 -220 -252 -306 261 111 144 490 110 IS8 51 131 -53 344 -261 -383 104 262 168 189 
-34 68 -5 -131 4 -60 12 -35 40 -31 11 -64 51 -22 94 -16 16 -24 41 25 47 
-219 107 -162 -175 112 83 20 218 19 143 -21 92 -48 113 -126 -141 57 160 14 91 
-538 -189 -30Q 
-520 361 127 213 669 201 282 163 159 -23 508 -391 -525 207 365 327 292 
SI S2 57 58 59 510 515 516 
a -127 -105 -6 82 -B2 -55 -30 
16 -422 -382 -Z7b 246 -203 -125 -89 
2 -210 -128 144 -122 -64 -44 
-26 -51 
-29 -7 -1 -29 -38 
-50 -51 -153 10 108 -79 -33 -55 
-12 -341 -421 -244 250 -155 -99 -68 
tABL.E 133CONTD. -DATA FROM SERIES U COMPRESSION 
EleMENT HGX UNDER ACTION .. 
STRESS MEAN VALUES INDIVIDUAL VALUES CF STRAIN 
1; 'fI}f'it ... ~ 7"..'11 Xl X2 X3 X4 X5 X6 X7 
-364.17 ...<~.1 17.0 -16.8 -174 -Zl1 -Z88 -367 -199 -157 -229 
-1090.00 
-74lf.8 57.} -}1.} -610 -711 -793 -1032 -732 -500 -637 
-737.17 
-:;01+.5 38.7 "'<}.9 -382 -468 -566 -718 -485 -319 -540 
77~04 
-6.8 5.1 -0.4 -20 -12 9 -15 3 1 
-365 .• 37 ...<47.4 19.1 -11.1 -186 -298 -395 -210 -153 -233 
"'1099.98 
-749.6 56.4 -40.2 -623 -709 -795 -1035 -740 -507 -B60 
X18 X19 X20 X21 X22 x23 X24 Yl Y2 Y3 Y4 
-241 -259 -1'3 -320 -168 -14 39 6 -22 
-664 -787 -572 -1191 -603 -33 108 26 -59 
-474 -562 -394 -844 -390 -491 -24 73 17 -59 
-10 -18 18 -4 -17 -9 -8 16 -10 1 -6 
-312 -247 -283 -186 -406 -175 -236 -29 37 3 
-948 -660 -809 -572 -1212 -604 -726 -46 115 28 
Yl5 Yl6 Y17 Yl8 Yl9 Y20 Y21 Y22 Y23 Y24 51 
77 82 -41 65 -12 87 -23 31 -81 64 -77 
132 153 -83 206 45 378 26 132 -94 165 -223 
111 134 -90 148 2 265 1 69 -98 116 -133 
-1 15 -19 9 -17 34 -6 0 0 20 7 
76 104 -62 64 -17 121 -22 35 -86 77 -39 
128 141 -69 197 56 377 40 124 -88 159 -202 
512 513 514 SlS 516 Yl Y2 Y3 Y4 Y5 Y6 
-92 -106 -177 -88 -43 147 88 64 10 110 -1 
-315 -338 -595 -298 287 242 204 36 Z81 54 
-195 -218 -409 -194 195 150 I-H 45 172 40 
27 -29 0 -23 -10 
.. 
6 -4 -2 -45 -12 -40 
-73 -124 -123 -05 104 123 54 -21 51 -7 
-254 -360 -341 -201 287 218 208 9 258 23 
51 52 57 58 S9 510 515 516 
-44 -75 -212 -36 -115 0 -17 -99 
-133 -104 -723 -S8 -21t!:=! 18 -98 -274 
-62 .i62 -478 -32 -189 -4 -70 -168 
17 30 0 -26 -6 -7 8 -17 
-16 -51 -176 -64 -161 28 -43 
-138 -130 -683 
-116 -292 56 -124 
AND SHEAR 
X8 X9 X10 
-193 -218 -239 
-632 -660 -779 
-399 -451 -502 
24 -1 -3 
-177 -214 -243 
-619 -663 -786 
Y5 Y6 Y7 
47 -17 6 
169 -11 56 
119 -23 32 
-4 13 -9 
50 -10 C 
169 -16 36 
52 53 54 
-124 -137 -73 
-344 -368 -353 
-224 -256 -223 
-3 16 -8 
-123 -117 -126 
-370 -326 -384 
Y7 YB Vl1 
71 62 20 
190 252 146 
128 196 62 
13 -4 31 
54 74 19 
178 257 110 
TESTS ON PROTOTYPE EL.EMENTS 
X11 x12 XU X14 X15 X16 X17 
-294 -2be -201 -154 -169 -309 '-no 
-803· 
-763 -641 -510 -597 -10 .. 8 -738 
-577 -526 -435 -320 -401 -715 -517 
-16 -12 -4 6 4 -41 -3 
-305 -297 -196 -157 -185 -B4 -267 
-B09 -766 -641 -520 -598 -1040 -737 
V8 Y9 vl0 Y11 Yl2 Y13 Yl4 
-39 82 25 32 14 1 62 
57 228 3 107 -B6 -24 127 
-4 18Z 33 81 -79 -7 107 
13 6 2 2 -37 -3 15 
-37 ~6 58 33 -16 -2 71 
66 229 -2 116 -102 -17 126 
55 56 57 S9 59 510 511 
-99 .-124 -147 -105 -85 -77 -74 
-258 -567 -510 -326 -286 -201 -399 
-193 -395 -334 -192 -192 -150 -232 
2 -61 1 -9 -5 -2 -12 
-80 -1ge -115 -108 -120 -54 -95 
-209 -649 -474 -361 -332 -140 -434 
Yl8 Yl9 v20 V21 VZ2 Y23 YZ" 
95 89 102 -16 122 -75 94 
295 166 317 -82 481 -te2 287 
143 125 2"2 -54 323 -169 218 
21 24 -10 8 81 -4 -46 
55 68 107 -6 191 -86 62 




TABLE B3 CONTD. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT 15X UNDER ACTION 
" STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
7,11,1.:- f.,. e. "1',.~ Xl X2 X3 X4 X5 X6 X7 X8 X9 Xl0 X11 X12 X13 X14 X15 X16 XU 
-371.60 -258.0 21.1 6~.9 -355 -128 -368 -369 -247 -147 -271 -146 -255 -153 -343 -3l8 -259 -186 -241 -248 -244 
-1118.54 -839.6 ~.8 87.6 -1365 -420 -1067 -878 -859 -478 -1207 -499 -922 -493 -lC19 -809 -866 -639 -857 -840 -788 
-749.97 -56~.5 ~.3 115.0 -948 -241 -174 -653 -571 -290 -846 -300 -624 -315 -724 -579 -612 -405 -564 -546 -495 
0.20 -1~.7 23.6 59.3 4 -41 -22 -45 -S3 14 -56 63 -8 11 -19 -10 -54 11 -40 5 2 
-371.52 -268.3 36.2 133.6 -403 -142 -389 -366 -287 -116 -358 -87 -281 -114 -380 -309 -324 -174 -300 -222 -245 
-1110.59 ~8.8 65.1 290.1 -1319 -460 -1043 -920 -854 -512 -1258 -472 -920 -501 -1056 -783 -927 -615 -942 -761 -860 
X18 X19 X20 X21 X22 X23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB Y9 Yl0 Y11 Yl2 Y13 Yl4 
-339 -284 -306 -294 -226 -140 -3l6 1 130 72 102 46 12 146 -255 36 26 24 32 169 -18 
-1175 -803 -859 -835 -808 -544 -1109 134 101 99 243 99 108 416 -349 95 -50 22 104 155 -6 
-754 -568 -592 -617 -504 -313 -704 99 71 158 197 61 20 298 -:82 121 34 10 81 176 -21 
-9 -16 0 -40 -20 7 -33 65 -52 71 64 1 24 44 40 102 -7 27 -31 17 1 
-312 -328 -283 -336 -211 -147 -313 103 33 108 127 29 18 155 -278 131 -16 61 26 193 8 
-1117 -896 -810 -936 -744 -621 -1034 200 3 120 201 93 123 430 -374 167 -141 64 63 156 .Q 
Y15 Y16 Y17 Y18 Yl" Y20 Y21 Y22 Y23 Y24 Sl S2 S3 S4 S5 S6 S7 S8 S9 SID Sl1 
83 -26 -S2 74 -37 12 -42 -30 124 -127 -127 157 -334 272 -558 -112 -21 8 -89 -319 423 
-145 83 19 119 55 13 30 136 269 -18 -271 -100 -843 416 -1130 -631 30 -591 -487 -299 368 
-35 56 8 113 85 -22 6 60 162 -80 -188 83 -649 468 -898 -357 128 -368 -394 -240 471 
-76 47 -17 88 -2 12 -10 -24 41 -9 162 187 -18 11 -45 -108 280 -178 -207 165 32 
22 129 25 6R >-3 -38 -44 -48 36 -63 -137 303 -454 446 -644 -36 226 -151 -359 -162 548 
-204 189 106 100 101 -7 34 140 175 66 -284 -15 104 545 -1126 -504 94 -626 -651 -161 395 
S12 S13 S14 SIS S16 Yl Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y17 Yl8 Y19 Y20 Y21 Y22 Y23 Y24 
-177 -83 -418 -78 -394 -3 -33 22 16 51 -161 -26 -124 24 248 3 137 24 117 39 0 
-397 -631 -974 -490 -638 155 -48 203 86 352 -155 97 -314 133 684 110 505 226 479 264 286 
-325 -392 -682 -305 -602 37 -74 93 13 207 -241 5 -326 45 551 17 305 132 328 97 158 
93 0 164 -190 -229 32 -244 -13 -158 26 -57 43 24 -1~ -6 -29 -57 -32 -8 38 19 
-227 -15 -430 -98 -626 -0 -146 -34 -83 71 -117 -3 -262 -1 323 -3 154 40 125 64 51 
-463 -631 -1010 -428 -788 171 -241 167 -75 309 -166 82 -473 146 606 106 412 229 491 261 323 
Sl S2 S7 S8 S9 SID S15 S16 
-384 -122 -281 39 -27 -204 60 -102 
-1293 -233 -581 -29, -191 -216 68 -363 
-1002 -223 -487 -109 -139 -230 74 -2S6 
4 -24 -60 -SC! -48 32 -60 -63 
-500 -98 -303 15 -4'> -199 101 -188 
-1304 -275 -644 -310 -235 -199 77 -457 
TABl..EB3 CONTD. - DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT JlX UNDER ACTlON Ti 
STRE55 /lEAN VALUES l'NOIVIDUAL VALUES CF STRAIN 
'1; H,,/'::" L~ e .. -t·V Xl X2 X3 X4 X5 X6 X7 X8 X9 XI0 X11 XlZ X13 X14 US X16 X17 
-368.62 
-286.8 0.6 -89.3 -Z40 -198 -396 -215 -Z47 -195 -Z27 -Z56 -335 -335 -278 -Z54 -276 -211 -403 -295 -228 
-1107.18 
-918.2 31.7 -61.9 -9B2 -655 -1147 -6S0 -852 -658 -763 -1190 -949 -857 -797 -680 -633 -1239 -874 -685 
-740.12 
-612.6 29.1 -6.8 -658 -431 -613 -405 -556 -407 -520 -800 -645 -578 -513 -570 -503 -660 -604 -451 
0.19 
-4.5 21.0 -8.5 -5 0 -60 26 5 34 -7 8 -9 -17 -4 -13 29 14 -13 -23 29 
-368.23 
-292.9 12.9 -56.8 -305 -162 -461 -167 -234 -182 -254 -267 -370 -3<0 -293 -256 -258 -209 -412 -327 -219 
-1107.37 
-925.3 35.3 -90.0 -1025 -655 -1185 -630 -848 -673 -934 -779 -1233 -935 -861 -796 -894 -844 -1231 -897 -700 
X18 X19 x20 X21 x22 X23 X24 n Y2 Y3 Y4 V5 V6 Y7 Y8 V9 YlO Y11 Yl2 Y13 Vi4 
-472 -273 -215 -274 -195 -417 -438 137 -40 20 39 97 85 -116 258 -51 -53 -56 53 -17 -6 
-129~ -B28 -820 -809 -924 -1101 -1294 321 11 122 140 168 171 -74 468 -240 48 -123 121 -2 89 
-873 -575 -536 -537 -566 -775 -887 263 -23 91 74 165 111 -90 =82 -148 85 -69 122 -B 60 
-37 -8 -19 9 0 -26 -21 2~ -21 46 21 110 -17 30 47 -21 -26 53 -3 14 12 
-455 -288 -212 -248 -212 -428 -481 79 -63 41 41 153 116 -95 276 -78 79 -41 90 -19 25 
-1279 -830 -811 - 81n -960 -1102 -1285 265 12 126 128 196 181 -36 453 -263 15 -117 136 -B 113 
V15 V16 Y17 VIS YI9 Y20 VZl V22 V23 V24 51 52 53 S4 S5 56 57 S6 S9 510 511 
-138 -67 52 112 -55 46 -209 157 -239 -264 567 -699 303 -B7 308 -698 99 309 -586 439 
-218 -15 232 319 -83 154 -263 264 -Z22 -442 431 -llOB 131 -903 -1l8 -1255 - -282 291 -903 83 
-2 -185 -21 134 251 -79 110 -240 226 -248 -268 553 -938 264 -747 129 -1004 -131 310 -751 212 
-41 1 42 -3 66 -14 13 -12 -17 36 358 231 -175 174 15 86 -132 -11 65 29 52 
-114 -108 -76 94 159 41 -180 132 -229 -119 610 -841 375 319 -811 55 339 -577 395 
-1 -206 -22 295 32" lSI, -248 227 -178 -452 440 -1191 143 -111 -1336 -276 305 -911 92 
512 513 514 515 516 VI Y2 V3 V4 V5 Y6 Y7 V8 Y17 Yl8 Vl9 V20 Y21 Y22 Y23 Y24 
-527 371 -522 59 8S -62 144 32 245 17 -35 -68 -5 -127 276 26 36 -152 19 -189 -31 
-583 -61 -1004 -373 -302 -52 535 318 572 262 99 145 -78 -139 U5 236 260 -45 132 -152 159 
-591 150 -859 -253 -146 -146 273 205 348 150 26 9 -130 -140 622 le9 146 -76 40 -171 52 
-44 203 -170 -331 ~13 -106 -147 -51 -96 -20 -27 -26 -21 -28 67 -55 7 -26 -40 2 25 
-533 499 -589 -184 74 -179 55 0 121 14 9 -59 -97 -192 350 -24 78 -138 -53 -193 -55 
-569 -15 -997 -433 -267 -76 425 332 493 266 69 163 _36 -156 915 243 273 -76 150 -140 186 
51 52 57 S8 59 S10 515 S16 
-319 62 -615 103 100 221 -241 
-814 -310 -1099 -207 101 280 -409 
-613 -212 -860 -4~ 108 -550 261 -335 
-49 -25 -65 32 -39 -11 19 -20 
-440 19 -647 127 80 -446 200 -230 
-B60 -305 -1104 -183 74 -666 228 -389 
TABLEB3 CONTO.-DATA FROM SERIES n COMPRESSION 
ELEME~T K2X UNDER ~CTION T. 
ST~ESS MEAN VALUES INDIVIDUAL VALUES OF ST"AIN 
ToM':" "-. £ .. -,:;,~ Xl x2 x3 X4 X5 X6 X7 
-371.36 
-321.6 29.4 30.0 -168 -246 -392 -414 -341 -443 -206 
-1120.12 1013.6 100.0 109.1 -928 -874 -1045 -1102 -1179 -1359 -830 
-749.70 
-677.8 75.8 123.5 -622 -558 -689 -771 -862 -910 -563 
0.32 -26.0 19.7 46.8 -14 -2 -32 -21 -112 -34 -12 
-311.52 
-347.3 46.4 60.9 -232 -259 -406 -410 -462 -446 -228 
-1120.47 
-1022.4 106.6 100.1 -960 -870 -1061 -1094 -1206 -1365 -839 
X16 X19 X20 x21 X22 X23 X24 Yl Y2 Y3 Y4 
-313 -458 -391 -405 -312 -223 -371 -23 60 50 49 
-1141 -6B4 -1090 -1220 -691 -950 -1271 liB 262 216 72 
-711 -336 -770 -880 -603 -594 -666 36 208 160 66 
-13 -195 -27 -35 -2 12 -39 -106 133 40 67 
-393 -647 -426 -450 -313 -212 -415 -101 131 90 B7 
-1145 -736 -1113 -Izoe -901 -933 -1334 59 334 197 100 
Y15 Vl6 Yl7 YlB Yl9 Y2Q Y21 Y22 Y23 Y24 51 
24 40 -127 27" -64 105 0 27 39 -3 -14 
121 -5 -26 530 -12 216 160 178 231 154 -22 
99 -4 -25 430 -1 163 102 III 137 B6 95 
14 0 36 60 27 47 -17 66 -73 90 278 
70 B -63 323 -27 130 21 61 -15 54 181 
154 -44 3 534 0 229 159 201 190 200 10 
512 SI3 S14 SIS Sib Yl Y2 Y3 Y4 Y5 Y6 
-234 -75 -177 
-1'o! -IB -26 ~6 -6S 103 27 71 
-561 -717 -530 -645 -462 -34 238 -126 342 220 182 
-422 -462 -381 -516 -332 -137 147 -126 IA9 100 107 
-15 106 -25 -290 -22 -99 2B -62 -77 -73 -41 
-246 -11 -165 -391 -172 -61 76 -127 69 9. 43 
-645 -659 -547 -731 -424 -12 239 -183 291 259 138 
51 S2 S7 S8 S9 SID SI5 SI6 
-lSI -10 -226 63 -30 -B7 -6 -168 
-715 -204 -564 -207 -48 -21> -16 -,+47 
-526 -99 -357 -97 -15 -7 16 -343 
-26 36 
-1" -2fJ -26 5 4 -115 
-163 0 -236 '15 
-6" -14 -13 -214 
-735 -188 -62.6 -164 
-22 -12 -27 -460 
AND SHEAR 
XB X9 XIC 
-235 -322 -281 
-891 -1264 -954 
-543 -826 -624 
-11 11 -12 
-236 -335 -274 
-891 -1283 -944 
Y5 Y6 Y7 
-19 70 -12 
57 155 47 
1 112 15 
11 1 49 
20 54 44 
91 154 104 
S2 S3 S4 
24 -316 -liB 
-219 -589 -442 
-70 -452 -266 
74 -147 32 
21 -396 -82 
-231 -668 -404 
Y7 ya Y17 
-200 -29 7 
-357 58 318 
-349 37 157 
-60 -2C -13 
-163 -31 2 
-328 48 310 
TESTS ON PROTOTYPE 
xli x12 x13 X14 XI5 
-246 -433 -281 -304 -265 
-673 -1176 -891 -897 -1032 
-428 -823 -615 -611 -665 
-12 -31 -29 -10 19 
-260 -442 -306 -304 -272 
-683 -1178 -893 -906 -1024 
YB Y9 YI0 Yll YlZ 
7 -1l2 ·204 -37 168 
57 -21B 134 34 229 
25 -196 169 -6 223 
-49 -123 113 -64 84 
-39 -178 263 -48 217 
20 -276 184 24 263 
S5 S6 57 S8 59 
-351 -42 -216 145 46 
-760 -548 -539 -163 -126 
-e04 -276 -347 -15 -53 
-186 57 8 92 66 
-453 14 -207 184 ao 
-836 -469 -552 -169 -97 
Yla Y19 Y2C Y21 Y22 
259 59 269 101 199 
566 257 67e 358 735 
424 It; 638 242 586 
90 -59 139 -17 161 
295 20 350 70 291 

































TABLE B3 CONTD. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT LGX U~DER ACTION .. 
STRESS MEAN VALUES I~O[VIDUAL VALUES OF STRAIN 
1i 1./"- jl." "-I r~~ Xl X2 X~ X4 X5 X6 X7 xa X9 no XlI X12 XU X14 XIS X16 X17 
-3b7.06 
-%7-6 }7.5 29.7 -20B -259 -387 -462 -379 -33~ -442 -310 -286 -363 -427 -341 -355 -407 -349 -437 -SOl 
-ll08.b7 -1176.5 111.6 107.5 -792 -930 -1151 -1422 -1134 -113. -1326 -1178 -883 -1265 -1263 -1138 -IC74 -1341 -1034 -1470 -1537 
-743.33 
-796.7 80.2 78.5 -4~2 -592 -804 -993 -789 -756 -922 -764 -592 -841 -sco -760 -148 -901 -717 -980 -1065 
0.27 -17.1 10.6 8.7 -4 0 -27 -13 -19 -8 -38 -8 -5 -24 -43 -5 -21 -13 -3 -25 -44 
-36q.67 -}86.9 1,.4.1 37.4 -207 -271 -405 -483 -395 -353 -472 -338 -296 -386 -463 -365 -378 -437 -348 -472 -547 
-1l09.~3 -1185.1 111.7 105.0 -817 -929 -1165 -1421 -1144 -1136 -1328 -1182 -900 -1271 -1290 -1143 -IC87 -1352 -1031 -1480 -1583 
X18 X19 X20 X21 U2 X23 X24 Yl Y2 Y3 Y4 Y5 Y6 Y7 ya Y9 YlO Yll Y12 YB Y14 
-295 -365 -339 -330 -423 -334 -471 31 4 26 66 1 117 -67 85 '; 116 13 106 -5 
-10b6 -1110 -1022 -1370 -1050 -1463 96 -22 155 166 111 259 -20 173 10 277 60 242 42 
-073 -732 -100 -924 -711 -1002 70 92 -12 93 118 46 191 -53 176 16 223 35 179 10 
9 
-19 -5 -1 -~5 -9 -37 12 10 -6 24 5 1 13 35 5 13 6 27 6 9 
-273 -398 -340 -351 -459 -341 -498 0 65 -26 63 58 b 115 -46 91 24 108 36 88 24 
-1050 -Ion -1106 -1037 -1363 -1049 -1462 75 152 -37 191 146 119 242 -~ 144 27 262 75 233 57 
Yl5 Y16 Y17 He V1? Y20 Y21 Y22 Y23 Y24 Sl 52 5~ 54 'S5 56 57 58 59 510 511 
90 -40 36 9'5 "0 58 -21 69 -66 154 -08 -114 -199 -213 -166 -166 -177 -222 -146 -108 
169 -98 163 266 278 97 125 122 76 319 -285 -351 -530 -641 -408' -661 -450 -575 -581 -414 
124 -69 90 21B 16. 96 36 116 -2 262 -148 -205 -378 -435 -290 -437 -318 -324 -425 -373 -281 
4 -3 -25 22 -2 21 -12 19 -29 46 5 9 -4 14 -3 -17 -17 0 -30 7 -3 
58 -24 30 124 ?!3 66 -26 85 -70 181 -66 -106 -209 -191 -171 -193 -164 -153 -249 -148 -130 
144 -80 171 2Sl? 272 104 115 135 72 333 -309 -344 -545 -626 -413 -674 -444 -559 -591 -576 -456 
5 12 513 514 515 516 Yl Y2 Y3 Y4 Y5 Y6 Y7 ye Yl7 Vl8 Y19 Y20 Y21 Y22 Y23 Y24 
-2~8 -126 -142 -169 -257 45 138 31 58 93 79 45 -108 104 210 191 98 95 83 134 93 
-839 -551 -378 -5eq -735 149 355 83 244 293 328 161 0 338 590 533 268 402 24; 487 430 
-513 -348 -241 -398 -46~ 67 290 46 150 195 229 101 -64 219 411 3S8 235 241 196 323 286 
-9 -15 ~o -26 -11 -B -49 10 15 -9 -20 10 51 12 -1 2 14 25 -4 6 
-157 -123 -220 -198 24 63 20 78 70 53 39 -102 103 185 166 133 101 136 109 
-578 -343 -630 -690 180 345 90 239 305 327 1;8 13 3;9 sao 540 297 402 250 472 435 
SI S2 57 58 59 510 515 516 
-61 -111 -98 -l1s -2B9 17 -106 -19 
-274 -330 -210 -565 -698 -21 -428 -203 
-150 -238 -14'5 -358 -540 26 -294 -29 
-19 4 -4 -72 -52 75 -2 33 
-76 -124 -76 -179 -29~ 35 -133 9 
-305 -303 -141 -571 -126 -14 -433 -12<; 
TABI...ES3CONTD. - DATA FROM SERIES II COMPRESSION 
ELEMENT ASS UNDER ACTION S 
STRESS MEAN VALUES INOIVlDUAL VALUES CF STRAIN 
SIb/'" eO. <:., -(,.~ XI x2 X3 X4 X5 '6 Xl 
•• 17 
-1.8 3.3 100.3 -I -3 B b -2 -1 15.49 
-1.9 13.8 821.8 q II 11 1 10 -9 -8 
7.10 
-<l.2 15.· 7"9.6 12 13 7 -5 a -13 -7 0.10 0.0 15.8 645.4 8 9 4 1 10 -12 -7 
15.bO 
-<l.8 26.1 881.' 12 13 a 5 18 -15 23.70 
-3.9 27.6 2791.5 29 17 7 4 19 -43 31.14 
-6.1 10.9 5656 •• 42 13 18 14 25 -21 -99 
39.04 
-11.1 -,4.9 9218.1 59 7 29 20 35 -23 -103 
XlP X19 X20 )(21 X22 '23 X24 VI V2 Y3 V4 
-1 5 -5 5 a 9 a 39 8 -41 5 
4 -13 16 • 27 4 126 77 -9 28 12 II 11 Ie 8 120 39 -12 42 
-18 -220 10 .l 15 14 94 13 55 35 
-9 -Zie -19 17 6 31 7 132 5. ll5 34 
-42 -232 -21 16 26 3b Ib IS6 8. 97 21 
-64 -243 -13 13 42 52 21 98 101 -27 
-95 -244 -19 22 52 70 27 95 127 -51 
Yl5 vlb Vl7 V18 Vl9 V20 Y21 Y22 V23 V2' 51 
6 5 2. -9 14 3 7 5 a 1 27 
47 25 -3 3 2 28 -14 32 -2) 23 291 
50 19 • " 
-2 27 -4 IB -27 17 261 
45 8 10 -5 2' 29 22 221 
57 24 0 11 1 19 27 14 30C 
12b 52 -21 -20 -32 3b 26 -9 859 
18b 85 -40 -4<;1 -st} 27 -179 -5 -217 -46 He3 
21' 07 -77 -Ob -14"r -22 -343 -97 -442 -118 277. 
512 513 514 SIS SI_ n Y2 Y3 Y4 V5 Y6 
-32 -86 -43 -7 -22 -0, -22 -22 -11 
-546 
-530 -483 -199 
-27 -5 4 -11 
-50S -491 -411 -230 -192 -70 -67 -26 -34 -96 
-443 -364 -2Hl 
-1"2 -9 -100 -70 -50 -45 -116 
-b08 -41]5 
-279 -256 -32 
-IS' -00 -70 -169 
-1869 -IB09 -1688 -809 -808 -65 -148 -142 -125 
-3739 -3731 -11)12 -15n -20 -109 -13~ 
-bOla -booa -2714 -2bl0 -58 -151 -laq 
SI S2 S7 S9 S9 510 SIS Sib 
-30 3 9 -1 I" -40 b 
-17 )" 34 12 -2 -29 -5 
27 -59 II -12 35 9 -36 24 
-95 9 
-3" 37 -3 b 
9 18 3 -5 -42 -27 
-103 15 -44 16 -48 -35 -7 
-22 41 -59 -01 -9 -28 7 
-52 -175 61 -ll~ -164 
-39 -53 -21 
AND SHEAR 
X8 X9 XIO 





-13 -34 -21 
-31 -40 -24 
-71 -40 -32 
V5 Vb V7 
-14 
-. 3 
-13 -14 3b 
-27 -13 27 
-11 -19 2' 
-2C -34 35 
-21 -61 21 
-7 -133 7 
8 -182 -23 
52 53 54 
-3 102 52 
201 597 518 
175 573 4b2 
148 487 408 
200 641 577 
711 1951 17e8 
1467 3893 3595 
2394 0223 5840 
Y7 VB Y17 
'36 -57 118 
145 -4. 74 
96 -107 B 
76 -186 47 
10 -240 23 
-98 -303 47 
-123 -279 59 
-220 -312 25 
TESTS ON PROTOTYPE ELEMENTS 
Xll ' XI2 xU XI4 xIS Xl. x17 
-29 -3 0 3 -5 5 -8 
-29 C II -7 a a -12 
-23 -4 14 a 5 -4 -8 
206 C 7 0 3 -10 
-. 18b -7 II 0 1 3 
-. 183 -3 10 -b 1 a 
183 4 1. 1 -2 -8 
190 -4 20 -5 -19 -12 -69 
va YO VlO Vll Yl2 VI) Yl4 
-.7 a -12 -3 -10 I' 14 
-17 ' -27 -25 3 -18 .2 8 
-18 -31 -20 -3 -28 61 a 
-15 -2e -33 -31 -25 4a b 
-28 
-31 -25 -43 -44 64 -5 
-70 -40 2 -29 -40 107 a 
-153 -15 bO a a 128 20 
-224 1 no 13 14 I4Z 19 
S5 so 57 se 59 510 511 
92 63 30 4 -38 -28 -94 
6~5 see 191 155 -191 -190 -598 
58b 533 15b 104 -185 -154 -560 
490 461 138 77 -147 -121 -485 
H3 6 .. le8 142 -212 -203 -622 
19.9 1961 60a 570 -715 -697 -18n 
381Z 3862 1534 -1707 -1438 -3777 
6098 0139 2050 -3086 -2447 -6056 
Yl8 V19 V20 V21 V22 V23 Y24 
-18 21 -42 2 -34 58 -1 
-16 58 10 34 -31 45 29 
-31 18 -14 -10 8 
-14 C -37 -10 -17 
-11 -18 -15 -128 0 
-106 -29 -19 -128 11 -71 
-127 -11 61 -1I6 2 -04 




TABLE B3 CONTD.-DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
EL EM£"tT ns u~·mER AG'TJ':ni 
STRESS KH"I VALUES OF S TR A li'.: 
SU./:..- ~- ... ...... X- X? 1b X1 X9 Xle >11 X12 '13 X14 XIS Xlb ,11 
1 .. 85 
-2.7 192.6 2 -7 0 -3 -, 13 b -2 -7 -14 7 -2 -b 
16 .. :n 
-3.5 962 •• 12 -22 -10 34 10 12 -11 -14 -5 -17 -10 
1-..68 -2~1 8gB.B 7 -20 1 22 13 7 -12 -1 -5 -I. -1 
'J.O 1.6 825.3 -17 -44 4 
" 
19 2 -s -s -24 2 
15 .. e2 
-2.2 967.3 -6 7 11 -21 -4b -6 37 13 16 -1) -5 -12 -5 
23.57 
-5.B 2109.3 -1 17 17 -lb -50 -102 4 50 20 19 -25 -19 -37 -17 
:n.41 
-8.1 3921.4 1 34 35 21 -9 -81 -162 15 b9 3. 27 -33 -34 -b' -10 
47.00 
.. " .. 8 8946.2 2>1 b2 oR 22 5 -31 -146 -253 29 Bl 61 36 -44 -58 -llb -2b 
Xl' Xl9 xt'C XZl x22 '23 X24 V! Y2 Y3 Y4 y5 Yo Y7 YO Y9 YlO Yll Y12 v13 Yl4 
-9 -I -l -2 -4 -2 -3 3 -1 -6 -1 -13 -1 -4 3 -20 0 -5 7 
11 -, 4 3 -4 34 12 -9 -4 -2 1 -29 ,. -b3 -9 -1 
20 1 -2 4 -, 0 -b 28 18 -14 -7 5 2 -28 21 -60 -14 0 
2Z 10 26 1-1 t 1 -1 23 -14 27 -14 -9 12 ,. -34 IZ -50 -11 -2 
12 -6 0 -1 -, 4 n 24 -s -4 -2 -2 11 -bl -13 5 
28 -11 3 0 -, 6 57 52 -12 -10 9 0 40 -95 -10 -2 




-42 -6 b2 7 -64 12 44 202 -66 -,. 5. -163 
Yl5 n6 Y17 Y18 Yl') no 52 
" 
56 57 SO 59 510 511 
101 -6 -1 -2 39 123 113 b8 35 -41 -63 -133 
132 -4 n 
" 
4 Ib5 60' 621 312 263 -i61 -315 -631 
137 12 20 -14 -9b 13. 591 609 582 ,94 235 .... 234 -281 ""591t 
140 31 "- -24 -84 308 117 564 510 491 21> 204 -217 -2lt1 -548 
139 12 3 ej -111. 343 145 040 ... 6eE 327 ,44 -268 -314 -6lt6 
174 50 -220 618 352 138!! 1316 1298 13C1 697 581 -622 -125 -138S 
262 65 -310 inc 729 26C9 2513 2511 2435 1280 1154 -H81 -1314 -2540 
454 6'. -66q 2046 1841 5096 5t61 5<;Ca 5651 2915 2161 -2155 -3114 -5188 
Yl V4 Y5 Y6 Y7 V8 Yl1 Yl8 v20 HI v23 Y24 
-22 11 -3 
" 
? -17 • C 40 47 • 30 [g 
" 
b 0 .. -64 90 42 67 100 4 29 12 
, 
-1. -45 10 46 , 5 57 -53 42 -2 
-1 -1 -58 9 57 
" 
24 42 -51 35 -22 
14 -1. 13 90 11 ,. 49 n -63 30 -20 
" 
-lb 18 33 -125 37 142 .. 110 -43 55 -101 
-12 -90 -3 -18 -138 • 130 46 132 37 25 -113 
-131) -67 .- -31 -it1 -64 217 -23 ,50 23 97 -319 
51 5? 51 5lO 516 







-IS 103 -7 
-[8 132 -13 
-11 111 -18 
[ 279 -21 -79 
TABLE 83 CONTD. -DATA FROM SERIES II COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 




X8 xq XIO Xli X12 XU xl< XL5 <17 
• -1 -ll -7 ;1 c 
q 1 11 10 
3 -1- -13 80 1 la -9 21 -5 Q 
li.AI> -2 -10 3 8. 7 14 -3 jq 2 
-0.15 4 -3 9 13 8' C a -b 23 -ll 
24.42 .0;'1') -44 -1 , '20 
" 
'1 10 -9 
" 
0 
20 -2? -, -9 -41 -11 
" 
-1 17 -13 32 -21 
" 
H -9 -73 -10 -15 71 -, 14 -21 3. -31 
;c, 
-15 -<j7 -7 • 3 7e 4 , -12 42 -33 
x lf~ .o:i'l X?J 1.23 124- Yl y, Y3 Y4 YS Vb Y1 YS Y9 YIC Yll YIZ Yl3 Yl4 
-" 
11 10 12 13 1 -10 3 0 10 12 0 
-11 -5 1 ~, 40 4" H4 4S 27 13 
" 
-22 -2 12 -18 
-14 -, H 
" " " 
14 29 0 -14 -1 IS 
-1 -1 :q 17 12 31 -< C -16 -3 • 
'" 
'0 I' 19 -1 -zq -5 13 
,1 q '3 -ll -25 14 -1 a -12 4 19 
-15 7'" 1.'::\ 'J" -?5 -57 6 36 35 -12 2Z 11 
',~ 
" 
'5 -24 -10'1 -23 
" 
91 21 -6 
Yl' Y16 yt1 YlO '(2i X22 nj S2 54 55 S6 57 sa 59 SI1 
-) D 1 , , 4 1 " 18 " 
60 -41 -101 
, 




-3 177 SCC 314 -251 -609 
In -12 11 17 45 -L? l' 0 152 571 449 214 -2lt: -52'1 
1 -11 i .~ ~ ,; 22 i.0 1. 121 405 378 2CO -151 -318 
l1 -ll 32 -ll -r} 2 242 1'2 .49 ';;7(; 2<9 -251 -587 
-je ? 1 
" 
::5C 4,,2 125;:; 650 -591 -1322 
" 
~., .. 10 2' 51 lGe 7 9Hl 2321 1162 t071 -lt23 -1044 -2448 
113 -7S 1" 16 _~. i. ?l 1flql 1('19 3etS tes'> 1771 -1868 -11qa -4132 
512 :.13 Yl Y7 yl Y4 Y5 '6 Y7 Ye Y17 YlB y1'; Y2:! Y22 ,23 '24 
" 
10 73 IB 91 23 41 67 
61 58 '4 9' 30 101 10 
57 61 99 0 99 11 
23 21 -15 59 45 
63 -30 41 
" l46 -26 94 54 
-2 158 -11 65 54 
C 
"" 
-IS 244 -21 111 13 
Sl Sl':1 
-'l LZ -2"· 
2:1 41 
-" P 1':; -4j 
" 
• -1< 
" -til -f;J 
n -j', 
-" S7 , -122 -151 
<',7 
-1"'1 -1'12 
TABL.~ B3 CONTD. - DATA FROM SERIES II COMPRESSION 
ELEME~T DG5 UNOi;R ACTlON S 
STRESS ~EAN VALUES INDIVIDUAL VALUES OF STI\AIN 
5 1./,'";.., £... e... liN';! XI X2 X3 X4 X5 X6 X7 
49.09 3.5 -6.1 302.8 -8 42 -5 II -7 1 -7 147.68 11.0 -26.9 1061+.1 -44 77 -14 79 -17 32 -43 
97.82 12.5 
-".7 775.3 -24 42 3 57 -3 28 -27 0.0 2.6 7.2 90.1 I 0 -4 7 -7 1 49.62 3.7 ..... 7 374.1 -16 38 22 -5 2 -14 146.36 8.0 -25.6 1077.7 -51 7B 72 -21 21 -46 
xle X19 x20 Xli x22 x23 x24 VI Y2 Y3 Y4 
27 0 -4 -6 -II 14 IB -103 -11 -66 60 
92 -16 -28 -32 -36 50 54 -314 -67 -196 147 
73 -1 -20 -13 -24 44 47 -247 -35 -145 98 
-1 1 ~6 .1 2 20 1 -47 4 -10 -17 
27 -9 0 -12 -10 23 14 -125 -15 -75 33 
83 -18 -30 -35 -41 53 52 -319 -84 -194 122 
Yl5 Yl6 Y17 Y18 Y19 Y20 Y21 Y22 Y23 Y24 51 
8 49 10 -41 -11 -15 -10 -10 -7 49 86 
-12 210 0 -153 -23 -75 0 -75 40 113 321 
0 198 -1 -llB 4 -68 -8 ",;,44 31 123 224 
-10 40 9 -24 21 3 1 21 12 
-12 70 1 -52 0 -19 -11 61 93 
-18 20B -3 -149 -30 -R7 -16 -75 33 91 314 
512 513 S14 515 516 Yl Y2 Y3 Y4 Y5 Y6 
-165 -174 -171 -142 -70 -44 15 -33 31 -67 a 
-597 -603 -655 -476 -26~ -246 
-13 -165 12 -232 26 
-422 -4'n -336 -186 -226 -60 -136 -52 -222 -31 
-53 -47 -44 -19 -44 -132 -42 -157 -81 -133 
-178 -212 -213 -194 -90 -110 -71 -H2 -101 -141 -86 
-577 -60B -654 -4q3 -28B -287 -56 -209 -136 -287 -89 
$1 52 57 S6 $9 510 S15 $ 16 
77 134 104 103 -82 -57 -127 8 
243 426 280 267 -276 -269 -24 
152 278 173 176 -196 -200 -6 
-31 -27 84 -26 -18 -29 -6 
66 120 142 H -137 -99 
237 345 251 224 -325 -333 -419 
AND SHEAR TESTS ON 
XB X9 XIO Xl! XI2 
6 -12 14 -34 10 
47 -26 31 -8e 16 
52 -4 18 -63 4 
3 3 -3 -2 I 
I -8 13 -)4 15 
46 -33 29 -94 18 
Y5 Y6 Y7 Y8 Y9 
-69 48 -26 94 -18 
-227 137 -101 271 -50 
-175 102 -105 214 -24 
-18 -17 -17 16 22 
-98 31 -57 123 -1 
-230 102 -le9 271 -51 
52 S3 S4 55 56 
180 164 210 155 126 
590 566 BH 545 450 
419 425 640 403 341 
21 98 60 36 
203 287 202 153 
588 824 551 453 
Y7 YB Y17 Yl8 Yl9 
-10 129 57 9 -3 
-156 348 35 -49 -252 
-158 269 -21 -87 -196 
-80 -33 -30 -49 -82 
-106 115 -49 -139 
-214 272 -112 -322 
PROTOTYPE 
X13 X14 XIS 
-10 5 4 
-24 28 38 
-11 22 21 
8 6 -1 
-9 11 6 
-26 24 32 
no Yll Vl2 
-58 -6 -30 
-210 -34 -139 
-159 -20 -83 
-13 a 2 
-66 -18 -35 
-208 -43 
-:130 
S7 S8 59 
166 104 -134 
485 364 -435 
356 254 -324 
63 -1 -41 
207 110 -173 
494 363 -450 
Y20 Y21 Y22 
64 -69 -29 
99 -168 -14 
23 -170 -45 
-12 -101 -59 
16 -161 -49 

































T4'*~~_C(.)NTD. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT E5S UNDER ACTION So 
STRESS MEAN VALUES INDIVIDUAL VALUES OF STRAIN 
S 111/ .... ~ ... 1"...,. Xl X2 X3 X4 X5 X6 X7 X6 X9 '10 xu Xl2 X13 X14 XIS Xl6 X17 
6.57 1.5 -3.7 221.3 -5 20 -3 22 -8 -1 -15 29 4 0 10 0 -5 -6 20 -4 -10 
12.46 0.9 9.8 1403.1 9 47 -12 64 -30 5 -64 2 28 12 12 20 -17 -4 -lD -9 -15 
5.44 3.8 11.8 1364.2 11 55 -16 63 -21 10 -64 IS 46 14 5 28 -13 2 -6 -15 
-0.13 5.0 21.8 1285.2 11 52 -10 51 -27 -60 13 60 16 5 23 -9 -1 0 -9 
11.57 4.2 17.5 1430.7 12 58 -12 62 -20 -61 14 38 Ie 16 24 "'16 -3 4 -3 -12 
17.59 1.5 22.5 '+079.8 16 64 ... 23 93 -40 -106 -26 55 18 21 43 -24 0 -10 -9 -22 
23.8a 0.9 27.4 8708.1 25 136 -25 116 -45 -157 -8Z 80 26 21 54 -35 8 -28 -20 -23 
X18 X19 X20 X21 X22 X23 X24 Yl V2 Y3 Y4 Y5 Y6 Y7 VB Y9 no Vll Yl2 vt3 vt4 
-5 12 -14 1 -5 4 -I 10 -3 8 -6 0 -3 15 6 -29 8 -10 e 19 
-23 18 -20 2 ,~ 0 4 -2 36 4 94 9 115 40 -14 -64 0 -1 10 66 
-12 4 -14 -3 11 -12 19 3 56 20 92 7 104 40 125 -ll -52 -1 3 20 56 
0 0 0 -2 10 -7 22 18 88 51 96 32 98 32 116 1 -29 5 9 25 54 
-19 14 -18 0 6 -8 8 -3 51 24 86 22 100 46 122 -5 -66 5 -9 14 59 
-49 10 -24 0 15 -19 24 -31 45 2 113 11 228 79 217 -19 -95 -13 -20 28 62 
-67 9 -34 21 -25 52 -43 37 39 250 37 345 114 420 -15 -146 -18 -54 61 17 
Yl5 Y16 Yl7 Y18 Y19 V20 Y21 Y22 Y23 Y24 51 52 53 54 55" 56 57 58 59 510 511 
12 9 -10 11 -1 9 10 19 -110 23 43 27 172 122 137 H3 54 81 -39 -68 -136 
42 23 -30 49 -11 25 -13 25 -153 -22 265 261 1030 924 956 1034 356 452 -357 -431 "'914 
55 10 -19 46 -16 30 -20 20 -141 -9 248 249 1004 884 S50 len 343 452 -336 -418 -885 
65 9 0 51 -33 31 -33 17 -120 6 226 249 940 834 900 996 359 451 -296 -401 -826 
49 23 -24 4B 30 19 -138 261 252 1051 952 983 1065 369 480 -351 -455 -916 
119 28 -35 80 30 0 -196 989 1049 278e 2606 H35 2842 1105 1217 -1082 -1337 -2579 
180 -2 -51 10" -33 27 -93 -68 -240 -332 2387 2546 5178 5331 5502 5849 2493 2655 -2544 -2853 -5457 
512 513 514 515 516 VI Y2 Y3 Y4 V5 Y6 Y7 Y8 Yl7 n8 Y19 YlO V21 Y22 Y23 Y24 
-139 -196 -155 -40 -72 42 22 18 -5 9 32 13 17 68 21 40 -2 52 32 74 127 
-947 -1087 -281 -317 64 28 0 -30 B 25 -25 23 84 32 136 4 157 77 141 105 
-931 -1052 -251 -283 54 36 21 45 6 20 11 24 113 31 136 8 108 88 146 114 
-8el -945 -213 -238 sa 68 -6 -27 -9 28 15 5 0 45 37 96 92 129 144 
-964 -1084 -898 -301 -316 18 12 3 -133 -3 -68 -34 7 67 24 SI 139 43 111 93 
-2702 -287b -2540 
-9"6 -1114 41 54 -35 -144 9 -51 -91 3 72 13 79 -33 159 57 179 -31 
-5677 -5841 -5271 -2339 -2563 n 52 -86 -180 -44 -1l2 -152 16 75 -1 133 -119 171 42 198 -237 
51 52 57 58 59 510 515 516 
3 2 57 -1 25 8 18 5 
35 39 84 -1 32 -35 -1 -31 
4 31 52 6 42 -10 21 
7 29 -2 -39 b6 0 40 
29 13 87 -24 60 -55 9 -b2 
27 60 72 -21 55 -20 -83 
28 72 58 -58 13 -26 -73 
TASL.E.BS CONTD. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT F1S U~DER ~CTl ON S 
STRESS MEAN VALUES INOIVIOUAL VALUES OF STRAIN 
5 ... / ... .... 
'" 
7f~1I Xl x2 x3 XI, x5 X6 X7 X8 X9 X1C x11 X12 X13 X14 XIS X16 X17 
13.46 2.4 -1.7 . 280.1 33 -2 Ie -3 -15 -14 -5 -24 41 
" 
1 5 2 -14 -4 -4 27 
19.52 4.0 -11.1 849.4 97 20 26 13 -38 -38 -30 -49 69 25 7 12 -4 -25 -28 -16 43 
13.36 4A -4.5 799.3 104 24 27 8 -36 -38 -35 -47 65 25 3 7 -7 -26 -31 -20 44 
-0.02 1.8 1.3 620.1 113 35 17 6 -20 -39 -34 -40 58 18 0 6 -9 -19 -53 -25 24 
19.59 5.3 -10.2 946.1 121 28 32 9 -43 -44 -35 -49 72 27 b 12 -8 -28 -30 -16 39 
29.16 3.8 -46.9 3019.4 167 64 46 24 -61 -67 -98 -95 88 59 20 14 -20 -45 -77 -35 39 
39.01 3.5 -10}.1 6308.2 173 85 55 40 -59 -77 -149 -137 97 67 31 20 -17 -50 -110 -45 30 
XIS X19 X20 X21 Xl2 Xl3 X24 Yl Y2 Y3 V4 V5 Vb V7 ya Y9 VI0 V11 Yl2 Yl3 Yl4 
1 1 -6 4 -7 -9 26 -66 -34 -11 26 -31 -4 -23 4 30 -3 -40 24 -13 40 
16 1 0 9 -11 -9 24 -106 -115 -4 20 -50 -23 0 54 -2 -48 21 -13 46 
12 2 -6 3 0 -1 29 -84 -98 0 16 -48 -17 -10 49 -4 -39 13 -9 35 
-4 7 -10 -9 2 5 15 -40 -40 -6 26 -29 -12 -7 -25 30 -5 -14 -19 -6 11 
19 5 -7 1 -7 -3 25 -110 -116 12 5 -48 -34 -32 -1 66 -14 -39 1 -4 22 
40 16 1 1 -1~ -1 28 -276 -280 -21 -32 -53 -72 13 77 -36 -40 -26 -5 -35 
46 34 -3 28 -9 8 25 -404 -523 -69 -113 -76 -124 16 94 -55 -30 -87 -20 -131 
Yl5 Yl6 Vl1 Yl'6 Vi? no Y21 Y22 V23 V24 Sl S2 53 54 S5 56 S7 S6 S9 S10 Sl1 
9 -4 -17 a 3 24 34 23 -17 -5 48 45 118 174 167 261 77 91 -42 -42 -161 
17 -18 -35 21 13 70 -2 63 -37 -17 117 93 534 ~41 584 696 266 292 -159 -134 -521 
25 -13 -27 33 3 67 -4 57 -19 -8 111 86 517 522 562 662 249 279 -143 -109 -496 
21 -2 -4 40 -17 55 -43 52 -14 11 61 38 415 440 443 516 229 -107 -73 -366 
28 -27 -26 21 11 54 5 40 -34 -25 122 108 606 606 659 766 327 -180 -150 -581 
35 -74 -64 74 -13 105 -78 43 -129 -156 542 645 2030 1869 2C53 2174 849 898 -674 -600 -1941 
30 -133 -57 161 -13 154 -151 19 -267 -369 1580 1667 4070 3811 41B3 4299 1750 1730 -1584 -1450 -4077 
512 S13 S14 515 516 Yl V2 Y3 Y4 Y5 Y6 Y7 V6 V17 Yl8 Yl9 Y20 Y21 Y22 V23 Y24 
-196 -173 -213 -81 -184 -45 29 -15 -11 20 -36 -62 30 22 -34 93 -26 3 20 -37 13 
-545 -627 -647 -198 -397 -52 -5 a 11 31 -67 -95 25 -6 -39 122 -37 37 12 33 -20 
-506 -601 -610 -1&3 -361 -53 -36 -2 -12 27 -45 -95 -7 14 -6 68 -36 36 55 -9 -14 
-H8 -486 -489 -257 -66 -70 -12 -51 -17 -68 -75 -32 9 -26 64 -56 53 4 -11 -34 
-597 -703 -727 
-432 -37 -31 6 -7 24 -89 -102 -6 20 -11 112 -68 30 45 5 -52 
-1941 -2194 -2153 -836 -1193 -63 -35 10 -23 24 -121 -169 -29 -2 -40 115 -99 57 -41 33 -58 
-4086 
-4343 -4199 -2018 -2374 24 -19 104 -21 64 -96 -102 -6 73 1 174 -98 161 -26 90 -168 
51 52 57 S8 59 SID S15 516 
56 32 3 33 -27 131 -10 -25 
69 44 40 33 112 -48 -41 
66 33 26 16 tI3 -33 -62 
23 15 2 -2 -6 156 -18 -97 
74 55 46 7 -17 -54 -66 
128 26 82 20 -58 -90 -43 
133 26 150 66 -100 -150 -122 -128 
TABLE B3 CONTO. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT H:;S UNDER AC TI O:·~ S 
STRESS MEAN VALUES INDIVIDUAL VALUES OF SHAl'" 
$. ,I.;;" £" ... Y..~ Xl X2 X3 X4 X5 X6 X7 XB X9 X1C Xli X12 X13 X14 X15 X16 ·X17 
49.62 6.3 -8.6 338.1 22 25 6 17 6 6 2 -14 33 5 6 1 -3 10 -13 -6 49 
146.08 26.4 
-45.7 1053.7 59 61 32 56 26 19 42 -41 106 57 30 -26 16 -9 157 
96.49 24.0 -23.0 637.7 46 61 30 45 36 22 30 -36 62 61 29 -21 18 a 132 
-0.06 4.0 6.8 145.1 b 7 7 10 25 -7 10 -29 9 17 16 -8 11 -9 -3 23 
49.22 7.8 -2.6 440.6 22 31 11 25 19 0 20 -23 36 12 21 4 -6 13 -6 -17 51 
147.59 27.7 
-37.3 1085.2 58 76 31 61 33 19 55 -44 111 52 26 7 -30 14 -6 -17 165 
X16 X19 X20 X21 X22 X24 Yl '1'2 Y3 Y4 '1'5 '1'6 '1'7 '1'B '1'9 no '1'11 Yl2 Yl3 '1'14 
32 10 -47 -2 -6 9 -66 24 5 19 22 8 14 -54 -53 -111 1 -27 10 32 
9a 25 -104 -B -13 6 27 -243 a 33 91 120 15 -217 -143 -355 43 -153 46 LZ 
22 -67 a -11 15 n -176 18 42 91 21 -183 -97 -269 49 -129 49 73 
10 -7 0 1 5 5 -20 63 24 33 -2 11 -24 12 -39 19 9 -1 
7 II -47 -9 -3 -1 15 -85 52 a 49 12 6 -46 -44 -134 24 13 47 
ge 24 -06 -11 
-" 6 32 -227 3 27 106 3 9 -212 -140 -371 48 46 120 
Yl5 '1'16 '1'17 '1'18 Yl9 '1'20 '1'21 '1'22 '1'23 '1'24 51 52 54 55 56 57 . S6 59 510 S11 
-16 55 14 -97 45 -sa 59 -34 39 0 144 100 219 216 205 152 79 -122 -167 -191 
-66 198 60 -324 118 -186 -106 74 -25 396 329 ee2 762 776 436 267 -378 366 -656 
-41 158 43 -251 103 -142 -67 67 16 267 233 407 715 H6 610 318 200 -255 -437 -501 
q 4 20 -22 -1 b -9 17 -55 35 22 23 64 154 110 125 29 16 -9 -42 -6S 
-15 58 37 -126 59 -51 61 -20 2 30 153 130 202 302 303 276 166 78 -141 -197 -257 
-71 201 57 -321 142 -180 206 -90 48 -10 426 320 568 an 844 753 487 244 -427 386 -711 
S12 S13 514 51'; S16 Yl Y2 '1'3 '1'4 Y5 Y6 Y7 Y6 '1'17 H8 Yl9 YZO '1'21 Y23 '1'24 
-162 -160 -265 -156 -104 19 66 24 30 28 11 -23 -24 127 -27 95 -2 64 120 12 
-536 -970 -506 ··398 19 184 106 38 70 0 -41 301 -127 339 -135 260 -208 293 36 
-406 227 -380 702 -16 119 87 -4 52 4 -32 202 -84 291 -73 189 -164 222 100 
-88 -57 -146 -48 -56 -73 70 -15 -38 12 -16 5 -37 7 -4 25 26 -17 11 51 
-205 -203 -344 -223 -158 -46 8S 5 6 10 -8 -26 -20 77 -58 98 -9 b4 103 48 
-603 -595 -951 -545 -406 -58 194 85 29 64 -16 -76 -43 303 -153 338 -138 270 -20C 336 37 
51 $2 57 S8 59 510 Sl5 516 
44 101 174 92 -52 -129 -38 -42 
121 354 5'6 177 -131 -424 -87 -91 
259 410 142 -59 -270 -70 -84 
4 26 20 38 6 34 16 
4 105 212 14 -50 -125 -22 -51 
107 331 611 158 -161 -411 -101 -111 
TABLE B3 CONTO. - DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
155 s 
"!EA"I }'IIDIVlDUtlL Y4LOE'S OF SnUlt.. 
.~ Xl 
" 
X3 <4 X5 X. X7 
" 
<10 ;t:l3 Xl' Xl. X17 
3.1 1 '~ 11 
'" 
-1 10 8 , -11 
-. 10 -I' 
4.0 '0 ZO 
" 
-11 '9 , 0 10 -3 -, 1 -" 6.1 10 40 ,. -, n -3E -l 2 -, . 4 -33 
3.6 -1 '0 lZ -1 52 11 -25 1 -, -12 
2.4 21 
" 





n -11 -13 -65 
-13.5 
" 
:'0<4 1U 10 24 '0 14 -54 -is -52 -105 
-19.3 41 141 153 8 ,. l' '0 -64 -14 -69 -15:? 
Xl? >:20 
'" '" 
X23 Vi Y4 Y5 YO Y1 ya YO YlO Y1I Y13 Yl4 , 
" 




41 33 -, 3 
a 13 ' 2'-' -, 33 0 6' 11 13 0 
" 
13 -J 20 10 4 30 B 
-2' -1 '0 3 3S 9 
" 
26 -43 -2 12 
-72 -R 4l h 33 -56 122 25 -28 -29 -1i 
-165 -17 41 
" 
IF. -177 193 30 -13 -68 -79 
-232 -?O B; 147 -261} 24. 14 , -115 -141 
'I'll) Ylo YlR Y20 '21 Y?2 13 54 5 7 5. 59 
-10 -1 -14 24 -s 15 ,., 173 B4 33 -9 
r 37 B 24 ", 526 21. 137 -105 25 41 -1 86 V. 33 503 443 '.3 112 -9' 
44 105 
" '" 
360 127 79 -89 
14 '0 -'57 -47 
" 
11 16 51, 541 215 116 -121 
.. 6') -4' 16 20 124 a 213~ 1953 !lIe no -636 
34 7< -UP 12<; 1~2 16h -?B 5049 4t49 19<jq 2035 -1775 
65 
" -" 
2"17 24 ~21 -32 71117 7lD 3lf11 3269 -3028 
Yl Y2 y4 Y5 YO Y? '17 'I' Yl9 Y22 Y24 
e) ~21 2'. 59 -,. 40 18 ,. -2 
';)11 -6 48 27 -8 93 1 
6' ,. 
" 
-2' 77 -, 




-4C -61 -41 
" 45 lC 7 -) -I. 9' .9 26 -l' e. -,. -61 ,. -14 
-11 -47 15:' -67 -42 11 -107 
44 





'" -70 57 
" -14 00 1.14 
-,9 00 147 
TABLEB3 CONTD. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMENT JIS UNDER ACT! O,~ s 
STRESS MEA~ VALUES [~DIVlDUAL VALUES OF STRA TN 
slO/:" .... "'v ;(,0; Xl X2 X3 X4 X5 X6 X7 xa <9 xI0 x11 Xl. <13 X14 X15 X16 X17 
13.82 6.1 -~.1 205.5 0 12 4 6 10 -11 -10 6 12 14 3 1 -5 13 -1 5 16 
23.8a 6.7 -11.0 799.5 13 40 19 16 12 -26 -29 -4 13 31 • 1 -5 13 -2 6 1 
a.04 5.~ -4.6 679.2 13 34 19 18 2 -9 -26 7 7 16 17 -2 -2 1 -10 11 -6 
0.15 10.0 ~.~ 546.7 12 40 25 12 7 Q -10 6 7 -2 25 0 107 1 -3 14 -20 
23.06 6.2 -6.4 788.3 19 32 26 7 17 -35 -16 -9 18 30 13 -6 -1 4 -2 0 1 
35.07 4.4 -34.5 2927·5 25 64 61 14 27 -74 -70 -19 27 48 15 0 3 -28 -10 0 -41 
47.03 1.0 -83.6 7228.8 3f: 54 89 33 21 -75 -111 -14 8 57 2 13 17 -53 0 -34 -75 
X18 Xl9 X20 X21 X22 X23 X24 Yl Y2 Y3 Y4 v5 Y6 Y7 Y8 Y9 YlO. Yll Yl2 v13 Y14 
20 7 4 4 B 1 II 29 -6 8 18 -32 42 -19 10 -22 -2 -2 -1 15 -1 
1 7 -16 ~ 18 11 24 64 4 -1 34 -75 65 -55 20 -58 -43 -46 26 7 27 
-17 7 -18 Ie 10 9 24 21 0 -4 22 -44 25 -41 12 -50 -33 -42 25 5 27 
12 -13 1 4 9 17 40 -5 18 -8 2 -23 -29 12 -30 -26 -43 8 12 20 
8 -15 3 16 13 22 33 -22 12 15 -01 52 -47 6 -59 -32 -41 16 9 10 
-25 19 -19 22 34 20 -33 -26 0 43 -97 51 -115 10 -96 -88 -93 5 15 7 
-97 14 -32 45 22 64 9 -222 -86 -46 42 -142 45 -179 3" -12b -165 -134 -14 15 22 
Yl5 v16 Yl7 V18 Yl9 Y20 V21 YZ2 yz, Y24 SI S2 53 54 S5 56 S7 56 59 510 511 
34 0 -19 -1 -26 0 15 -18 -16 -29 88 57 161 64 139 80 115 57 -95 -12 -135 
80 
-. -48 -11 -39 2 20 -2 -64 -29 242 217 670 404 519 403 306 204 -303 -131 -532 62 0 -39 -1 -32 9 3 0 -41 -14 170 172 597 367 451 357 244 180 -241 -105 -443 
64 0 -30 -16 6 4 9 2 -2 133 102 535 290 377 274 206 144 -189 -70 -352 
70 -3 -43 -2u -37 a 10 7 -55 -31 226 180 700 406 532 393 311 164 -297 -145 -513 
159 -16 
-12' -23 -114 16 -22 38 -171 -118 779 726 2287 1670 1872 1668 977 744 -1011 -659 -1895 
249 56 -195 -16 -148 2 -35 20 -347 -356 2019 1812 !i185 4302 4634 4280 2423 1855 -256" -1936 -4626 
S12 513 Sl4 515 516 VI V2 Y3 Y4 V5 V6 v7 Y8 Vl7 VIS Yl9 v20 Y21 v22 Y23 Y24 
-109 -212 -62 -94 -69 27 -24 73 -14 39 -6 3 -14 75 16 71 -3 47 1 37 -18 
-430 -736 
-4'J! -262 -26, 
" 
5 46 -2e 61 
" 
1 -61 'l. 105 88 43 52 I 94 4 
-362 -024 -354 -204 -224 36 -32 -2 -68 16 -4 -32 -64 16 109 49 -29 -23 -44 -15 -73 
-257 -514 -305 -1/,3 -173 11 -23 -4. -es 18 -65 -31 -74 36 77 40 -48 -32 -72 -15 -96 
-392 -734 -396 -269 -269 39 -95 -5 -132 18 -33 -1l -178 53 05 36 -56 -15 -91 15 -96 
-1&39 -2361 -1746 -9811 -92:3 151 -85 4 -164 55 -93 -12 -204 80 66 49 -109 22 -137 46 -71 
-4179 -5260 -4353 -23S6 -2231 309 -113 88 -222 152 -114 54 -245 121 £25 99 -98 168 -192 III -l1a 
51 52 51 58 59 510 SIS 516 
41 A7 101 
" 
-b -7 19 
81 143 134 91 -38 0 37 
28 21 63 44 -5~ -37 12 12 
8 3 48 1) -17 -55 31 18 
64 39 121 3q -1' -133 -10 -8 
141 -36 1 q4 14 -180 -161 -26 -28 
243 -111 3:.12 -15 -283 -176 -26 -55 
TABLE 83 CONTO. -DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
HE."lENT I<ZS U\liJER Ai:TlI)l>j 
StRESS 'iEAN VALUES INDIVIDUAL VALUE:S OF STRAIN 
S Ilf~ &~ ~ T.., Xl X2 
"' 
X4 X5 X. X1 X8 X. X10 Xll X12 X13 X14 XI5 XI. XI1 
12 • .21 2.0 4.6 197.2 2' 8 12 14 0 1 21 11 -11 -. -4 11 -8 9 , -4 -2. 
25 .. 10 1., 10.0 906,) 80 
" 
l!3 19 1 -1 .. 5 ; 2 -11 Z, -31 11 5 -18 
-" 11 .. 60 4.2 1B~4 805.8 62 19 B 2. C 6 I, , -2 I' -12 2. -30 23 8 -1 -39 
0 .. 05 S.6 17.4 660.;- 50 0 29 5 4 4 -1 -21 13 19 0 , -11 15 I' -2 < -22 
25 .. :>9 
-1.5 13.2 936.1 92 3 21 10 , -12 11 -3 4 -14 -15 14 -39 1 16 -4l 
36~ 76 
'.' 30.? 26lf2.1 1S2 
,. 24 15 -1 -, 8 ->J 37 0 -22 I. -31 10 2! -53 
48.96 9.9 64~8 5378.3 212 
" 
3B 41 9 -15 -Ie -4, a7 -2 -H , -13 5 29 -50 
61.20 16.7 109.0 8970*6 260 16 64 44 32 -38 -IS -89 
"' 
-1' -Ie 1 5 4 sa -4. 
X18 'to X;?O :<21 :(22 X23 x24 Yl Y2 Y3 Y' Y; Yb Y1 Y9 YIC Yll Y12 Y13 V14 
a 
-2' -3 -, 0 10 -1 -1 2 12 51 2. -, 13 , 




26 31 149 61 -35 54 
5 -94 10 38 
" 




-. 30 4' 31 .0 
" 
99 24 3 40 
1 11 41 is 28 153 
" 
-20 41 
-19 11 62 109 4. 68 20. 90 15 '0 
-19 -29 2. 122 110 5. 
" 





132 210 155 122 
YlS yt; Y11 Y23 Y24 Sl S3 54 51 
" 
511 
20 11 14 2 4 107 131 116 Bl -92 -94 
42 31 12 -15 19 323 663 "0 216 -271 -',26 
45 40 
" 







113 66' 531 184 -117 -219 
6' 23 27 -, -15 12 333 Me 648 53:0 66D 291 -28t> -415 
120 h4 51 -10 21 "9 1896 17H 1589 nt's 762 -734 -1465 
195 
" 
1'53 -4 "J l2 43 17.1r5 37'11 3510 33CQ 3543 1574 -l487 -3141 
2" 84 'VP 2 144 15 46 2832 6338 4973 5675 5902 2o~4 -25'<4 -5422 
yl Y2 YO Y6 Y7 YB Y17 ng Yl9 Y20 Y21 Y22 Y24 
A7 6 56 
" 
-87 7 -, 17 -24 -59 -16 
33 104 135 -175 11 lC4 74 48 -74 21 
-46 49 82 -204 10 32 
" 
49 -21 -3 
-21 20 , -lSI -7 104 64 25 22 16 2O 
10 31 10' -i73 
" 
2 9 -64 -14 -29 
45 132 200 -209 
" " 
97 -74 300 33 
-'0 246 314 -256 141 80 161 -182 131 96 
-20 1,,)6 442 ~Z17 la6 23 '38 -341 176 116 
51 51 
" 





114 72 \?5 -2') 
" " 
J4 1 , 




223 -~f 113 11<> -90 
34> 143 1 .... '1 -l; 
41'2 ,,0 17>! -4 
TABLE B3 CONTD.-DATA FROM SERIES n COMPRESSION AND SHEAR TESTS ON PROTOTYPE ELEMENTS 
ELEMEr,T L':.S U"I"E.K fI(.Tlnrj 
STRESS "lEAr-! VAllJES 
So /1./':' Ii..... ~ 
4':l.37 -6.8 16_4 
147.2A -17.2 77.6 
9~.56 -8.9 70.4 
0 .. 0 _6.2 23.2 
4q.31 -14.5 32.5 








I'WlvIDIJf.L VAlUI;S CF STPArN 
Xl X2 X~ 1.4 1.5 
1,) 27 l~. 2 -2 
41 20 6 -9 -1 9 
43 -20 10 -16 -7 
11 -44 10 -40 q 
11 -22 14 -28 7 
4" 3 11 -24 -14 
Xlfl 1;1'=1 X?O (21 ;(22 Q3 1.24 VI YZ 
-32 -11 -2 'J 
'd -2/ 






-r:>Q -32 4) -108 
-4R - 20 -4 -64 
-54 r) -3 31 -2~. -2'] 12 
-71, -2 -14 "'.:; -14 G -117 
.to 2 -300 
-12 -43 















Y16 Yl7 Y!.9 
75 -1,4 .... '" 
"'')7 lIb )7"> 
2A'1 <l? .;62 
4>1 25 131 
133 51 1"'0 
377 1,5 273 
S13 '>14 S1') 
-150 -22'i -'.iii 
-':'20 -·~O" -172 
-351 -751 -11:12 
-17 -?2~ U 
-1')'" -]ql -71 























































';1 52 S7 s~ SJ SID SIS SIb 
1 ~7 107 4f) 7~ -5:5 -36 -46 -~6 
'47r:. ~2~ 7M ?l.... -1'·7 -~71 -9:1 -2A5 
33" 307 o 1'5/;1 -td -1'}4 -41 -214 
-9 7 2") -33 -35 
13'~ 1 P t'l 11 -2'" -123 -A4 -128 


























































































































































































































































































































TABLE 84. DATA FROM PROTOTYPE FLEXURAL TESTS - ACTION M, 
ElAmenta 'IIII4er action 111 ~ ~ '" ~ Detlectlcms relative to target 1 (x101il:) 
label. IIoIIuluII 
-
evnat ..... ~t::i 2 3 It 5 6 
rl06ptd 11>111/ rlO-4u.. -1 c(-3~~ u.. u.. 
X1 .Y7Yl 249.3 4.'181 .155 -Yl5 -75 -52 -423 -92 X7 .645'< 171.0 3.739 .181 -250 5 94 -179 120 501.9 8.930 .312 -'183 -160 -82 -845 -15'< 273.9 7.770 .352 -527 58 85 -433 175 741.7 15.031 .~74 -1136 -157 -118 -1230 -128 361.3 12.256 .525 -859 81 63 -742 184 520.1 11.083 .343 -882 -123 -111 -91~ -166 260.0 10.892 .~7~ 
-735 106 116 -620 205 268.5 5.468 .187 -464 -7~ -86 -452 -97 135.8 9.079 .377 -628 70 134 -~79 197 0.0 ~.090 .015 9 -29 -39 -43 -26 0.0 ~.~ .259 -302 29 36 ,.255 100 2~5.6 5.357 .165 -41~ -27 -43 -448 -111 120.~ 6.406 .242 
-450 ~5 69 
-368 95 ~.6 9.642 .329 -828 -115 -89 -869 -413 2~5.1 9.270 .397 -620 100 95 -506 223 75'<.0 15.850 .486 -1255 -189 -115 -1262 -165 ~.5 12.687 .5'<5 -845 12~ 139 -728 2~5 
XZ .~707 203.0 3.538 .172 -259 16 -3 -273 -58 x8 .7060 100.7 2.95'< .18~ 
-19 22 ~21 _100 170 3Yl.3 7.125 .~ -550 -41 -18 -573 -135 166.2 6.586 .355 -355 65 228 
-336 222 1t52.9 10.7~3 .51~ -805 -36 -102 -927 -232 220.6 12.003 .530 -'185 98 298 -593 305 326.6 8.600 .~35 -657 -75 -92 -82~ -318 162.0 10.822 .~77 -715 ~ 265 -580 216 171.0 6."7 .322 -534 -113 -115 -663 -309 85.7 7.923 .359 -457 8 122 
-567 1~ 0.0 2.~ .138 -267 -72 -213 -473 -347 
-4.2 ~.590 .120 -15 -5 -29 72 -22 155.6 5.555 .~1 -434 -89 -162 -682 -381 76.2 ~.78~ .255 -220 11 131 
-363 70 309.6 7.781 .378 -599 -49 -17~ -800 -334 152.~ 8.336 .~10 -~53 80 240 -472 231 ~5.7 11.37~ .532 -879 -66 -134 -1032 -346 230.7 10.805 .559 ~719 60 345 -593 83 
:0 .4929 149.7 3.486 .180 -205 90 ~1 -17~ 115 X9 .7363 ~.7 ~.586 .158 -422 -129 
-77 -42~ -165 235.0 7.503 .352 -490 75 32 -484 106 910.1 9.271 .321 -711 -157 -60, -722 -97 308.0 12.093 .52~ -791 122 29 -718 194 1369.0 13.760 .486 
-11" -2~ 11 -10~7 -184 223.8 10.069 .~ -680 83 34 ~5 133 941.6 9.684 .345 -800 -223 10 -772 -142 117.7 8.385 .~ -550 75 11 -579 71 480.1 5.~34 .181 
-506 -156 -56 -~70 -175 0.0 ~.875 .2~7 -366 
-30 -26 -406 -84 0.0 0.392 .007 -78 -99 -89 -127 -109 106.5 6.642 .348 ~ ~3 -4 -463 56 ~55.0 ~.513 .170 ~2 -171 -55 -412 -182 211.5 9.527 .394 -626 113 18 ~ 153 918.1 9.52~ .334 -79~ -166 72 -687 -125 316.5 12.663 .551 -829 160 ~ -m 225 1383.9 13.920 .503 -1118 -182 65 -963 -36 
X~ .5313 94.8 ~.795 .165 -312 107 -76 -356 1~ X10 .7848 256.8 2.95'< .175 -207 -5 -82 -292 -60 158.8 9.Yl1 .231 ~ 102 -165 -748 58 429.5 7.35'< .345 -550 -16 -122 -636 -116 216.8 1~.055 .397 -937 12~ -251 -1149 3 579.7 11.111 .523 -79~ 13 -1~ -877 -51 155.0 13.083 .349 -855 117 -1" -1029 27 ~20.~ 9.715 .~1 -701 48 -106 
-765 -76 82.0 10.506 .2~5 -721 123 -11~ -781 13 221.6 7.52~ .36~ -52~ 5'< -7~ -587 -35 0.0 3.649 .016 -25'< 63 17 -210 ~3 
-1.0 ~.486 .168 
-333 82 -156 -382 -6~ 72.~ 5.829 .109 -390 ~ -79 -455 22 199.8 6.423 .259 
-493 -4 -162 -582 -134 1~.0 10.340 .368 -682 85 -191 -857 6 398.6 8.857 .401 -640 21 -151 -761 -121 215.8 1~.95'< .409 
-994 152 -259 -1218 -10 593.1 11.538 .5'<5 -808 68 -71 -895 -7~ 
lG .5535 ~.2 3.85'< .173 -221 91 53 -227 70 X11 .8192 183.8 3.315 .171 
-270 -43 16 -225 -8 716.7 9.208 .335 -616 116 -23 -619 89 305.3 7.684 .331 -675 _22~ -2~ -648 -185 1079.6 13.906 .505 -901 152 28 -951 121 ~13.5 12.~34 .~95 -1091 -347 -33 -106~ -349 726.3 9.~13 .360 -608 138 1[1 -608 100 298.~ 11.482 
."1 -951 -331 -75 -1092 -373 376.2 ~.958 .205 -343 57 3 -322 38 155.0 9.222 .347 -776 -231 -98 -867 -301 0.0 0.288 .02~ Yl 110 -40 -36 15 0.0 ~.399 .128 
-373 -98 -112 -432 -133 359.1 ~.829 .186 -313 58 -4 -338 35 139.0 6.385 .223 -~ -1~ -61 -571 -1~ 721.5 9.406 .35'< -603 112 ~ -627 91 280.0 9.295 .371 -821 -283 -55 -852 -331 1087.1 13.673 .518 -871 189 75 -872 176 ~19.3 12.357 .513 -1098 -383 -58 -1098 -392 
x6 .6101 221.6 3.357 .175 -232 1~ 2 -284 -81 X12 .8757 116.7 ~.1~ .165 
-317 -56 -1 -~ -83 365.0 7.135 .~ -563 -85 -40 -587 -120 199.3 8.763 .317 
-723 -216 -176 -885 -300 491.8 10.736 .516 -834 -136 -23 -890 -197 266.9 13.~27 .~73 
-1117 -337 -313 -1363 ~3 35'<.3 9.180 .~ -723 -100 -6 -720 -136 19219 12.197 .~20 -1021 -318 -237 _1220 -~1~ 186.5 7.~1 .346 -591 -94 -119 -612 -165 108.1 8.871 .300 -764 -299 
-155 -~ -327 0.0 3.170 .15'< -169 104 -169 
-363 -86 0.0 2.079 .067 
-151 35 -15 
-1" -11 168.3 5.781 .2~ -42~ 
-7 -166 -560 -130 96.9 ~.802 .181 
-361 -34 3 -373 -5~ 334.1 8.253 .391 -634 -75 -11~ -7~3 -188 184.3 9.85'< .343 -791 -188 -102 -887 -228 ~.3 11.~5 .533 -881 -121 -48 -963 -217 269.1 13.822 .486 




TABLE Bt,. DATA FROM PROTOTYPE FLEXURAL TESTS - ACTION M, 
ElameDte under action JiI, i ~ .... .... Def'lectioDt!l relative to target 1 <X101tll» 
l4bel Hodulwo Action Curn.ture C;~:~ 2 3 4 5 6 
X106"m. lb1D/ X10-4.1n.-1 <~~~ ill. ill. .. 
X13 .9',,4 572.3 4.701 .160 -332 37 -163 -443 -70 X19 1.3090 211.5 3.694 .175 -207 26 -27 -298 55 
1158.5 9.038 .324 -599 49 -129 -761 -37 358.6 8.472 .335 -611 -64 -66 _720 -92 
1745.7 13.923 .493 -964 56 -212 _1111 16 496.6 12.809 .506 -830 39 23 -946 75 
1189.9 9.565 .342 -65'+ 6 -201 -862 -82 352.7 12.197 .452 -860 -93 -78 -995 -26 
603.7 4.888 .184 -289 30 -170 -504 -38 187.5 10.347 .346 -737 -85 -88 -869 -59 
0.0 -0.125 .111 57 60 -106 -86 -48 0.0 3.680 .113 -218 29 -68 -334 -5 
579.7 4.843 .170 -300 -12 _128 -495 -55 164.6 5.798 .215 -358 52 -78 _476 28 
1167.0 9.208 .337 -593 45 -127 -752 44 333.59 9.437 .375 -648 -21 -73 -768 -20 
1752.7 13.701 .506 -917 74 -135 -1059 55 495.5 13.961 .511 -966 -45 -93 _1144 -61 
X14 .9727 272.3 3.777 .168 -288 -7 -22 -317 -93 X20 1.4161 152.4 5.177 .,6, -390 39 -27 -362 -25 
460.9 7.857 .346 -532 60 -6 -581 -17 269.6 9.760 .336 -704 103 90 -584 42 
619.2 11.805 .520 -805 73 6 -846 19 381.0 14.288 .505 -1032 87 118 -907 32 
443.3 9.843 .468 -652 33 11 -738 11 269.1 12.725 .446 -904 131 97 -805 19 
231.8 8.055 .370 -569 31 83 -530 8 141.2 8.14583 .294 -598 56 18 -587 -98 
0.0 4.402 .181 -364 -79 144 -250 -25 0.5 2.725 .068 -175 133 -137 -307 -175 
211.0 6.232 .266 -45'+ -22 85 -420 -16 123.0 5.381 .194 -410 61 -87 -473 -190 
424.1 9.124 .399 -642 5'+ 43 -630 -13 252.0 10.222 .359 -765 68 13 -706 -79 
619.8 12.267 .5'+1 -828 107 57 -832 49 377.2 14.44791 .512 -1060 93 113 -930 -25 
X15 1.0060 185.9 3.395 .168 -311 -92 -55 -307 _111 %21 1.4838 856.9 5.770 .159 -443 -93 84 -419 -53 
315.4 8.340 .339 -660 -77 -57 -651 -86 1689.2 9.923 .318 -768 -186 -10 -830 -142 
432.1 12.517 .507 -981 -119 -128 -966 _42 2485.4 14.315 .478 -1125 -253 -107 __ 1212 -191 
308.5 10.930 .460 -844 -82 -131 -868 -63 1702.0 10.170 .340 -770 --177 -2 -858 -148 
163.0 9.628 .370 -729 -22 -5 -669 4 872.3 6.166 .183 -437 -83 28 -514 -71 
-1.0 4.392 .244 -303 79 42 -229 80 0.0 1.194 .110 -57 -3 148 -40 5 
145.4 5.586 .228 -428 6 8 -366 7 827.5 5.850 .165 -440 -63 -12 -501 _122 
292.5 9.340 .385 -728 -66 -47 -698 -49 1665.3 10.065 .321 -755 -183 -147 -991 -263 
436.4 13.121 .524 -987 -73 -107 -1002 -19 2509.9 14.656 .482 -1131 -239 -278 -1390 -304 
x16 1.0636 111.3 3.694 .160 -290 -92 20 -432 -308 X22 1.5908 365.0 2.680 .202 -192 -9 111 -123 40 
193.9 7.961 .323 -624 -147 40 -755 -358 615.4 6.788 .379 -477 1 141 -399 61 
269.6 13.256 .493 -1015 -182 220 -1049 -348 833.9 11.673 .557 -757 161 179 -639 230 
190.2 11.361 .433 -842 -139 148 -959 -339 595.7 10.562 .496 -672 166 165 -563 241 
96.9 9.017 .303 -680 -134 32 -856 -373 314.9 8.361 .388 -502 206 137 -413 235 
0.0 2.958 .103 -165 28 115 -201 -23 0.0 4.125 .173 -202 162 96 -173 180 
87.9 5.770 .214 -434 -72 135 -438 -145 280.8 5.329 .268 -352 106 136 -257 75 
180.6 9.763 .360 -762 -184 115 -845 -333 565.9 8.892 .422 -588 114 142 -482 165 
269.1 13.666 .509 -1040 -157 303 -977 -244 841.9 12.35'+ .568 -812 171 156 -681 245 
X17 1.116, 648.5 3.833 .167 -280 8 25 -268 -25 %23 1.6918 280.8 3.399 .174 -230 30 20 -245 -21 1333.3 9.076 .422 -626 -86 48 -846 -292 45'+.5 7.385 .344 -522 50 a -572 -111 
1999.9 11.916 .473 -966 -276 -277 -1295 -537 609.1 12.416 .513 -820 113 -31 -945 -36 
1358.8 8.680 .330 -688 -108 -261 -935 -377 435.3 11.006 .462 -755 82 -40 -822 -26 699.6 4.604 .176 -362 -47 -193 -55'+ -266 224.8 9.222 .361 -645 45 -20 -688 -35 9.5 0.302 .009 -11 58 -116 -105 -87 0.0 3.718 .125 -269 -2 46 -240 9 
660.2 4.156 .164 -308 -11 -192 -518 -252 201.9 5.534 .208 -420 a 6 -394 -40 1339.7 7.892 .318 -664 -143 -422 -981 -452 414.5 8.739 .373 -604 75 -5 -620 -1 2009.0 12.371 .472 -981 -225 -400 -1440 -65'+ 615.4 12.770 .529 -872 101 -53 -946 -6 
x18 1.2121 351.1 3.552 .171 -274 -25 -20 -273 -26 %24 1.8393 172.1 4.680 .140 -290 55 -65 -418 -58 560.0 6.864 .346 -522 -65 -52 -55'+ -58 309.0 8.753 .333 -563 20 -194 -843 -117 732.2 10.895 .514 -870 -174 -59 -871 _111 437.5 13.190 .497 -890 20 -325 -1233 -142 525.9 9.437 .455 -764 -173 -80 -799 -155 311.7 12.510 .444 -851 30 -290 _1160 -159 
276.0 7.878 .360 -630 -122 -42 -634 -95 164.1 9.076 .410 -661 -65 -275 -907 _182 




TABLE B4 CONTINUED 
11~ 0 .. 9111 22.~ 1.629 .08~ -342 -5 -19 -349 
" 
Y19 1.262 46.8 4.8}} .167 -}17 }6 16 -}}9 as 
64.4 6.715 .245 -7}2 -il7 -27 -756 -7 86.3 9.4:lO .335 -631 102 -il6 -639 100 
1OZ.} 11.874 .410 _110} 11 -il3 -1051 60 126.2 14.138 .505 -935 149 26 -931 105 
70.3 8.1}1 .288 -818 -3 17 -755 83 86.} 9.51, .355 -65} 121 ~3 -605 80 }602 }.826 .153 ";'70 -57 -:lO ";"'7 -23 44.7 5.055 .180 -336 64 -9 -}}5 59 
0.0 ..0.170 .012 -24 15 12 -8 
" 
0.0 0 •• ,6 .0"2 -17 28 -19 ";'1 
-5 
34.1 3.413 .138 ";'1, 0 -24 -37} 21 41.5 '.399 .159 -}OS • -il4 -352 7 67.1 7.5'+1 .268 -746 ..;, -11 -713 "9 81,.1 9 ...... .~:lO -6}) 76 ..;, -647 88 
100.7 11.826 .413 -1092 '5 41 -1069 70 125.7 14.475 .507 -933 191 15 -966 165 
114 .09757 44.7 5.059 .160 -377 .J+o -15 -404 -50 Y20 1.4474 55.4 4.885 .170 -il7· 120 .2 -291 115 
85.2 10.079 .523 -745 -75 10 -782 -88 106.0 10.017 .335 -577 219 23 -6}6 217 
12'+.1 15.315 .'+88 -1062 -5 :lO -1128 -34 157.2 15.267 .506 -890 313 47 -9'+1 375 
85.2 10.61. .345 -767 -Ito 11 -797 ";'2 107.6 10.996 .366 -63} 2'+2 60 -647 :lO5 
1,}.6 5.923 .183 ";'52 -:lO 9 -'55 ";'7 5'+.8 5.·51 .196 -300 166 62 _}18 106 
0.0 0.125 .013 -12 -28 -:lO -65 -60 0.0 0.222 .019 :lO 25 72 17 61 
1to.5 5.01} .165 .J+oo -75 -25 .J+o7 -70 51.1 5.131 .17} -26} '·7 5'+ -303 145 
83.1 10.35'+ .325 
-752 -50 1 -796 -65 105.5 10.472 .343 -604 222 52 -652 270 
125.2 16.207 .489 -1364 -279 -il09 -1375 -:lO5 157.7 15.510 • .509 -902 307 27 -982 365 
T15 1.0060 '+2.6 •• 694 .165 -3'+0 13 52 -298 11 TZ1 1.·908 61.8 4.760 .170 -326 12 .J+o -360 2, 
81.0 9.927 .}26 -705 17 86 -668 10 115.1 10.·37 .334 -713 48 .J+4 -768 Ito 
115.6 14.989 .490 -1066 -16 149 -1014 24 168.9 15.659 •• 96 _1102 77 -37 -1118 50 
79.9 10.468 .344 -7'+0 15 113 -693 21 117.2 11.034 ·357 -751 70 -27 -784 6,5 
39.9 5.010 .17} -365 17 Ito -527 2 59.6 ,5.996 .184 ";'52 -20 -35 ..;,00 -2 
0.0 0.1'+9 .018 13 53 21 10 15 0.0 0.61. .01. 
-" 
-10 -8 -72 -1,5 
38.3 4.913 .158 -353 6 52 -3;8 -5 57.5 5.482 .172 -370 37 -1 -395 13 
77.8 9.836 .3:lO -710 7 121 -637 11 114.0 10.364 .}46 -718 52 -26 ~7Ito 6} 
116.7 15.395 .502 -1122 15 155 -992 }6 169.9 '5.,,2 .509 -1086 57 -137 -1120 7B 
T16 1.0777 44.2 5.131 .168 -360 52 5'+ -301 70 122 1.6696 67.1 •• 451 .160 -341 27 -17} -357 52 
86.3 10.086 .J}} -675 117 56 -651 80 128.9 9.437 .526 -657 97 -195 -715 72 
127.} 15.187 •• 97 -1005 170 59 -1000 135 189.7 14.503 .'+91 -101,0 87 -z.4 -1083 88 
87.3 9.027 .368 ..;,05 129 5'+ -685 117 131.0 10.}02 .348 -724 109 -210 -769 62 
4}.6 5.812 .197 -385 56 :lO -}86 46 67.1 5.3}6 .188 -397 57 -il34 ";'25 70 
0.0 0.66, .019 .J+o I, -6 -60 -7 0.0 ..o.4}O .016 20 }5 -11to 15 51 
'+2.6 5.142 .176 -371 44 4 -341 9 63.9 5.069 .166 -387 62 -180 -}?} 58 
85.2 10.00} .345 -647 127 44 -6.7 122 126.8 9.527 .}}2 -675 113 -218 -702 -95 
128 •• 15.527 .507 -1022 214 24 -1035 120 189.7 14.756 .'+97 -1039 1.2 -250 -1080 120 
Y17 1.0989 52.2 4.881 .162 
-354 a -27 -553 17 TZ} 1.6080 59.6 5.197 .165 -373 5 5 -360 21 
99.1 10.2}9 .525 -747 -17 0 -728 16 112.4 9.979 .}:lO -707 -3 22 -700 ., 
1'+2.2 15·211 .481+ -,066 55 -38 -1100 52 163.6 15.1,52 •• 94 -1077 27 29 -1054 46 
99.1 11.145 .347 -So1 53 -60 -798 19 111.9 10.701 .334 -778 -15 -1} -775 I, 
'+9.0 5.486 .181 -368 Ito -10 -}96 22 57.0 5.486 .180 ..;,oz -12 -23 ..;,00 11 
0.0 0.038 .OZ1 29 ·5 -} 2 31 0.0 0.218 .008 -27 -25 -28 -38 -1. 
.7.9 ·.989 .165 -}46 _1} -29 -398 -9 53.8 4.913 .160 -}67 .J+o -28 -37. 1 
94.8 9.687 .}16 -693 -1} ..;,0 -750 -}7 109.7 9.999 .3}6 -708 0 4 -717 26 
14}.S 15.}61 .'+91 -1061 77 -50 -1117 41 17}.1 15.899 .531 -1133 :lO 7 -1115 46 
Y18 1.2121 51.1 5.m .165 .J+64 -37 9 ..;,03 ";'2 Y24 1.9484 61.2 4.989 .164 -352 15 40 -320 ;8 
98.5 10.746 .524 -809 -90 -1 -820 -72 121.5 10.20'+ .330 -75'+ -il5 135 -655 11 
1'+2.2 16.038 .483 -1201 -w. -19 -1226 .102 162.7 14.805 .494 -1062 -66 22S -947 
"" 99.1 11.812 .356 -S8} -76 -} -90'+ -93 ,2 •• 1 10.746 .}57 -786 -35 208 -635 80 50.6 6.097 .193 .J+95 -96 -63 -527 -129 62.8 6.086 .196 ";':lO 35 
'" 
-3:lO 67 
0.0 0.593 .OZ1 -37 -}5 -13 -<17 -~ 0.0 0.2}9 .015 0 50 22 35 67 
47.4 5.666 .169 .J+29 -53 -8 ";'52 -69 59.6 5.229 .174 -370 19 120 -285 57 
96.9 11.076 .333 -811 -66 -1 -852 -69 121.5 10.163 .341 -728 4 200 -604 59 
155.4 16.}09 .'+9} -121} -10'+ -15 -1258 -120 162.7 , •• S'7 .502 .1087 -34 270 -S94 78 
T5 1 .. 0b7t> 
t.0141 
TS 



























0 .. 34 n,q 
CO .. l "'722 
r~.13~05 
O .. ObbC;Z' 
-0.20559 
'}.31141 
0 .. 27211 
O.1'l9'iS 
-0.4'::514 
-(. .. 13001 
-{".t:'21lb 
-C.O~442 
-O .. 03Q)D 

















0 .. 41119 
0.27816 
u.Zb002 














-Cl .. 5:'1L <;J1 
-(l.46251? 
-'') .. 3f;537 
_t'" .2q .... ].(. 
-: .• 45QC,f. 
-r: .'35 320 






-0 .. 0.8466 





-0 .. 25397 




0 .. 16327 
C'.:''1'J73 
,' .. 114~<') 
J .. 3i4t44 
J ... 1753b 
1.j47b(J 
~.4S!)4q 
C .. 3S97~ 
=' .. 14Pl'i 
1";.':"bl')->2 
• Actual dertect10n 
































































































































































































































































































































































































































TABLE B4 CONTINUED 
19 V .. Z5~'':'7 _f'i .. 'is('', 7? ('.)"-831 4.5"462 :~ 323 bbb lSb 23'1 liS 0.,"" 789 13" -5,5 za .. 24]10 t;.Cl'H4 -(1.1541q: Q.02C4Q 7"2 1602 B7b 7lq ~23 ~m b3b -577 4',!..~Q17" -c.r:ctt,os -0.44142 1'3. '3106t;3 '~ 12>2 2512 1304 1203 '84 1144 -5'1 30 .. 3752~ -".(,;;''377 -O.lBll& 12.1f)74P l. 1112 23"2 1287 1103 884 2582 qq. -6'0 llj.Q~b98 C> .. l'70)5Q -fl. jQb01 l1.380'1S 1046 20e4 lO7b .09 692 2205 71. -730 1 ~:!~~~7 ""lOt 66~2 -1J.J1~~1 B.!H~.32 .,~ 94' 1802 q.iJ '01 863 188. e.8 -142 [-.41773 -c. 3'531 .. Q .. 555'3S 
." H!'45 .,3 82B b9B ~9'2 782 -421 2".~~'1~~ ..... 0;;; 11'1:3 -f'!.,244q,) 11.1 4 1)12 i:~~ 10 '0 21lt7 llbI 1021 853 33' 970 -434 43.S~"_6 -0.22'" 11> -1"'.24",QO 13.11~11j 1296 2b37 14")8 1295 1092 2922 1250 -496 
no 0.8343 
-l'l.4S{lP4 (". ;n'('Iqt. -0.}7S5'l -4 • .r."Q313 .4lI8 4<)0 .40 401 397 352 441 811 -1.0 
-3).7nI)Qo -O.O~q'i4 o.·)3Q3':' --".QS6Ql 1~H qz5 ~8qb 871 .>. 820 17B4 178 -270 -48.3bl)hb O.}q141 0.)4535 -13.37415 13b5 837 1320 1284 1220 2b81 1160 -380 :H:mn 0.02721 0.3201::53 -12.712CI t1 1300 2000 1233 1106 1120 25H 1080 -423 O.(n5~q f).2')bq~ -11.430"3 1142 23"''5 1097 10~3 1003 2271 97ft -375 
o. 2~64'j 
-g:,um 0.2>:;:630 -~. 65759 .~ 10t)5 2025 993 10';b 1092 200B 1127 ZI5 :l~: I;~~: n .:3~'\5 -9.66666 1: 01 1030 2139 1015 lOB 103B 2g2~ lO41t -43 -O.2171,Q _(l.::QC7ij -1l.011~1 1208 24$2 lIb9 1207 1207 ~e21 1m -55 -4S.",q3~8 n.O·)'HiZ -,).11)117 -13.70149 1.;5"71 1440 2912 1395 13n 138. -250 
HI O.795Q 
-0.2G'H2 -0.113141 4.481153 
."52 518 1020 50~ 52B 53b 917 •• 4 IS 22.S1S"1 37.96910 -,"'I.42"l3~ ... 1).Z~6r6 'i'.,:;I'l6",C 1:~ 104) 2015 996 10Zl 1018 1937 9!)3 -20 54.,,22?4 -0.37491 -O.2(:)0/)0 13.32B7<:J I'B·l Z9':j5 14b3 1498 1513 2814 1433 -9 
37.SbQ44 :g: ~~~iA -~.j5314 12.5P503 ~:t~ 13tH 2713 1320 }30b 1283 2010 1221 -227 19.45084 -0.26304 11.505e6 1301 2515 1219 1214- U9B 2393 poe -\.6 
-C.2"'5 -'0.2328, -C.QS14C '1.401J1b .910 1166 2207 1090 109b 1218 2092 128 150 18. 11 I;\l"q -('.?~1'112 --1. L4210 lC.t~14'" 1·m 
11;2 2303 1110 1149 1181 2200 1126 13 
~S.1'J428 -u."j,975o.l -(\.:jq'37~ 11 .. 4il{'1? .1 13u4 2577 1284 1218 1344 249b !269 10 
')3.R2?~i1I -".45f.l!)4 M,. "·61')47 13.3#-)2,;('1 1.' 1447 2'9"'3 1454 14"9 1491 28b8 1391 -62 
Tl2 /].757S 
-).140'11) 0.4172' -4.2(;40'" 404 8,.;7 3b8 315 346 797 338 -170 -C08.3')2510 ,:~~ -10b.579~q, -1.10')212 fl.2231, -~ .47618 920 1826 82" B23 7.5 Ibb4 140 -248 -IS0.943P.~ -0 .. )170 3 'i.:)3P62 -12.St;!4H) }362 271 0 1238 1218 1187 2514 1142 -330 
-1~th&i44A2 -I] .341f:J., :J.'l2':nC -1e.725 .o.,2 1.1 1120 2197 9bO Bill B05 19n 741 -562 
-54.4~()Ol ,:".1 :::1141 '1.1 11 '1')5 -7 .C06~O :~~ 712 13~9 seq 500 425 1195 304 -506 -0.1'3:32'2 -',.22C71 C • .,oPl40 -2'.r~8.,,:; 2" 490 1"3 200 215 '09 230 0 
-<;0.(P~2'58 -Ct.<;1?n1 '). "'34Q? -5. C09J7 :~ 525 1015 443 .. 00 343 92' 388 -270 -10').451'-'4 -J.D"'~-J2 '1. "14~1 -q.f 2" :u. 948 19'>3 B.l HO B28 1777 797 -250 -ISI').q4J4~ -n.4~b"4 ,'. to 32)" -1"J.C3t11 1. 1410 279"> 1283 1252 1217 260' HbB -350 
Til 0.7182 
-1':).IA71\4 -4.47":1<l .4o't 3',5 1;7 318 ,"0 !11 7,7 142 -420 
-21.(H77.3 -9.C3'3~4 .881 806 18 Lq 899 715 71' 17,4 682 -413 
-40.q:l~~'> -P.34";2t:' 
1·m 
1345 27";2 1332 1240 1106 2b62 1105 -473 
-2B.~4'10 -12 .. oQ).:I7 . 12,..9 25's? 1-233 1079 963 2.21 ~96 -640 
-14. ~q"1C -1l.1015~ 1. 1039 21 " 1043 873 735 2105 05 -704 
ti.2t-.64 'i -p:.51474 
1:m 
e,7 1'1.,e. 9;::0 843 745 1820 821 -117 
-13. r:I'S6'J" -~.41e, 19 8'" 18 110 9,4 740 655 18':>2 b85 -527 
-Z~ .. 77 .. 21 -1'1.1.:;q~l, 1047 21bC 1072 9>3 845 2150 840 -43, 
-4l.'jl,}24 -t?>.!:;C)Q,,,, :3 1. 14 :)0 2f/1'fi 1411) 12eb 1238 27,. 1168 -391 
1\4 O. b&91' 510 1147 ObI Ill" bbl 1~.3~o6 T ':. r.]r Z 4 • .,"4~q 
.1065 5>.> 6)9 206 
H.C41'1 -:'1.23<;Qj q.,. T7:;q ~ 10"}::" 2 tl~,2 10Lv ltj8 1175 lOBi'S 1172 224 4&. 7M ")e, _i"'.')"'''':!::'~ 1"1.0127 4 i· (9 l'5el 3117 1501 IbIS 1625 305. 1042 10e 32.64'H 1 -""'.~ l76~ 12.'He;2 1464 29n e l.e.13 t4&7 1.e3 2853 1.98 109 
17.(l527~ .~ ."3!:1Z~ 11.373~1 ~~ 1337 2717 1310 138 1 IH2 2670 1.11 151 O.C J. )')14C In.14S12 1217 2 1.)(.;2 124" 1319 150, 2'03 1.e1 521 14.q?\1~ ) .. Z~0':L 1: .011 33 13',5 20ll 12"9 13j9 1435 2554 1'12 329 
~1.174"4 -"O' ''5442 12. -1'7-;0 ~~ 1419 Z8~4 na2 L4't9 1546 279b lS42 32, 46. lb1...}"" -"1 .... ,17, , 13 .. "'f1 r :;7 1010 )1h2 15;2 1614 1570 3107 Ib14 21b 
TIs n.b31' i~ 983 •• 5 -20 -1'.".45:·::0:4 -,).2n21 -"':.14F1':' -4,.46Q:;;;; 523 9,," 514 '"17 488 -~3.57?~Q _r .n«>! ... '"' ":. )P46-r::. -P .. ')'l4<~ 97~ 1 q(i!'; 940 9.7 903 1982 930 -50 -47. Q211h _to-.~ 1': ~1 -'j.<!Ir-21 ~ -1 .... Q~67~ 1444 2811 1476 14<':4 1332 2924 13el -301 -33.R:3H 'j (,.117'H ~.-,7Z~b -12.42~3",:" 1312 2btO Lj':>8 120 0 1211 2709 1252 -15\ 
-19.2"1"2 ".""11"14 '1 .. 211.o;.'l -11 .. 14"'=:'W: ':a2~ 11'/2 Z3lo! 1 1222 IbO 1105 2424 1157 -108 J.'= ,- .. "':-0«;7 r:.~.?~4~ _I') .l",.,712 ~2.4 191'4 ~'O 932 933 !940 .a5 130 
-15.q,;:;f,<1':< -~.17.:t;;> ('.: 1"461'1 _o.l"":3t: ., 
1:1 
104 4 19:>5 1041 102 .. 1010 2122 1042 27 
-11.24',14<) ~ .. 1 '4",r:':; ''"'.111:'1 -1:- .. i'·""t-C.l 11.,0 231 ~ 12G2 111;;2 108" 2.15 1138 -75 
_4-.'.'"' :I;,,':;~ .1,,1'71 "':. P',,)!"';l -1!.41''"'1"' 1. 5 144S 28t?3 14':110 1417 1333 29bO 1375 -120 
n6 O.5S4ll! 
.4lI8 '51 .. 0)")6, .. 3 4.21?:>:':I "4 1}1"0 ... 4'.)0 512 949 403 60 
99.1,~'S"'1 10. 3~5~~ 
·m 
012 lQ.25 917 813 100> 1847 906 14 
14l.P171"+ 17 .. S'J1~~ 1. 13l,,2 Ze.16 1311 1276 1397 2b95 1301 15 
1('";:;.'4"14') .. l'~.44ai1 1. lUD 23~3 !1O" 10.01 1102 2247 1089 -8 51. ~S173 7.14':;";:'f 1->41 151.0 14b 730 777 1553 739 -20 
O.C 7 .. "7.-;'1'15 




TABLE C1 DETAILS OF MODEL ELEMENTS 
Action 
'1'7Pe of • Clraod!!!l _Ill."" KoiatUl"e ll1Jo.ns1 ..... 
applled to f_elli.at!: x7pei Coefftc1 ... t 01: Ccatent Label e  __  variatioQ 
" 




2. + glue 0.5'+3 6.8 ".0 7.7 1.7 , , 0.646 ~.8 10.8 . .. 2 
2 0.722 ~.2 10.9 .. .. } 
, 0.185 }.4 11.4 .. .. .. 
2 + glue 0.6'+0 }.O 11.0 .. .. 5 
.. 3 0.878 2.9 10.8 .. .. 6 
! 2 0.917 2.5 ,0.8 .. .. 7 1 0.952 2.7 10.1 " .. 8 
2. + glue 0.989 2.6 10.8 " .. 9 
.. '" } 1.022 2.6 10.7 .. .. 10 
a 2 1.05'+ 2.3 10.9 .. .. 11 ~ 1 1.095 2." 10.9 .. .. 12 
.2 + glUft 1.128 2.5 11.2 .. .. 1, 0:- } 1.172 2.8 11.0 " .. 14 
! 2 1.21} ~:e ".0 .. .. '5 1 1.258 1'.1 .. .. 16 2. ... glue 1.309 2.} 11.0 .. .. 17 









2 1.425 2.5 10.6 .. .. 19 
1 1.469 2.1 10.7 " .. 20 
2. + slue 1.5-,", 2.5 10.9 .. .. 21 
} 1.605 2.5 10.8 .. .. 22 
2 1.681 2.7 10.2 .. .. 2} 
1 1.798 2·5 10.8 .. " 24 
2. ,. slue 0.5'+5 }.5 10.5 12 1.4 1 I 3 0.746 4.6 11.1 .. .. 2A 2 0.846 5.1 10.9 .. .. 2B 
1 0.883 3.0 11.0 .. .. } I 2. + glue 0.952 1.5 1'.} .. " 4" } 0.992 } .. 10.9 n . 4S 
2 1.013 3.3 11. , .. .. 5 
1 1.055 }.O 11.1 6A 
'" 
2. + glue '.097 2.3 11.1 65 } 1.118 3.0 11.2 7 







!! 2. + glue '.199 1.3 11.1 9 
! } 1.248 1.2 10.8 10A 2 1.295 1.1 10.9 lOB 
1 1 1.}}1 1.6 11.2 11 
{? 
.lI 2. + glue 1.377 1.7 11.2 12A } ',"9 2 .. 6 10.5 12B 
2 1.'+64 1.6 11.8 
'3 
1.5'+5 1 •• 11.2 14A 
2. + s1_ 1.588 1.1 10.8 "1I 
3 1.638 1.2 10.8 15 
2 1 .. 103 1 •• 10.9 16" 
'.748 1.9 10.8 165 
Typo of • Gra~ NoduJ. .... 
m ..... CoefUei..,t of !aetcrd.ng 
%1(" .... 1 v-ariatiOft 
" 2' + glue 0.564 4.5 
3 0.730 2.4 
2 0.858 }.O 
1 0.882 4.2 
2 + sluo 0.933 2.0 
} 1.000 }.2 
2 1.022 }.6 
1 1.03} 2.5 
2 + slue 1.092 1.5 
} 1.117 2.2 
2 1.101 }.8 
1 1.172 2.0 
2. + glue 1.205 1.' 
3 1.230 1.0 
2 1.265 1 •• 
1 1.}42 1.0 
2. + glue 1.}58 1.1 
} 1.417 1.5 
2 1.492 1.6 
1 1.52} 1.1 
.2 + glue 1.5o} 1.6 
} 1.653 1.1 
2 1.67} 1.' 
1 1.770 1.8 
2 + slue 0.658 9.3 
} 0.812 5.3 
2 0.907 }.9 
1 0.977 }.O 




1 1. ,69 3.3 
2 + glue 1.215 3·1 
3 1.278 }.6 
2 1.}}4 3.2 , 1.405 3.6 
2 + glue 1.489 3.2 
3 1.579 3.2 
2 1.653 3.} 
1 1.746 }.6 
• See Fig .. 1.1 
Moisture DimellSiOl.'li!, CGDtllllt 
" 
,,- y" 
11.1 1.4 12 
11.1 .. .. 
11.1 .. . 
10.9 .. .. 




11.1 .. .. 
10.9 .. .. 
11.2 .. .. 
11.1 .. .. 







10.9 .. .. 
10.8 .. 
" 10.8 .. .. 
10.8 .. .. 
10.7 .. .. 
,0.8 .. .. 
10.9 .. .. 
10.8 " .. 
10.9 .. 
" 10.8 .. 
" 10.8 .. 
" 
11.1 11.9 11.9 
11.1 
" " 
,0.9 " " 




" " 10.9 " .. 
10.9 " " 
10.9 
" " 11.0 
" " 10.9 .. 
" 11.1 
" " 10.9 .. " 
10.9 .. " 10.8 
" 
.. 













































$n'l~ 1 g3 .. 1)':I 
SO. 373 .. !.l2 
119. m: 5f 1..60., 
200. ~2~.~a 
21;0. 1106 .. DO 
199. Q27.:}J;iI 
160.0b 754.8~ 
11·9-.76 573 .. Q:4 
80.03 394.02 
:8:&g 209.2< 3Sh31 
U9.1b 5b2:.21 
1.61 .. 21 152.98 
200.37 ~)3 .. 90 
240.0. lU6.73 
lABEt. IS .XX 
ACTIO" SHU" 
,,0.21 174 .. ;H 
7q.f!4 J52 .. .?8 
l~g:O~ 531,. 20 1 ••• ~D ~6,:3; 
240.12 lePb.v1 
1Q" .. 90 m:a \t8~6$ $75.'.7 
7Q.t'l4 3q3.27 
'40.21 l!J9 •. B 
19 .. fl4 3-12.76 
121.22 5'54.75 
Ibt:)'Z7 72A. .. <:H 
p9. 9 O 9:1 '2:.13~ itO .. 70 11;:11.,b9 
l4BEL IS 3XX 
LA.BEL IS 4X:X 
DATA FROM COMPRESSION TESTS ON MOD~L. EL~MENTS 
STRAPl 
L41 .. 6t> 
455 .. Q::' 
bb4 .. ~c 





720 .. 9S 
511~ .. 30 
2')1'1" 1':>' 
4<i7,. 11) 
f.')<; .. 4t. 
'151.1') 




7 -1. ~j4 
12(;.bi., 
10;:1,.27 
199 .. (,}O 
.(4::: .. 12 
l'V)"Yt, 





12') .. I'll.. 















4l S .. 'J$ 
..,0'1. '{4 
';;;0<1,. 2 ~ 
EiOIJ.47 




TABlE C2 CONTINUED 
ACTION T, (1bIin) ANO MEAN STRAIN Ie (microstrain) VALUES AT EACH GAUGE POSI nON ($"" fig.Ii.4) ON MODEL ELEMENTS 
.1 ... 2 x3 &14 .5 &.6 .7 & xB .9&x10 
.tfl(l~ s'r"I~ - ",fCTfo'i"- --s-T:{'\T~'-'" ACT iO~ S'Ttt-j. TN ACT ti:f:ii-39.76 17.28 40 .. 24 164.40 41.'>1 If!Q.13S 40 .. 2" r~:~i ,,,1.34 ___ 14 -3-1-9--~l. 81-.. 6.1 349.41 79 .. ~ 1 297 .... 403.89 120 .. 15 50i'j.,14 1:20.15 6-1.-30- .• 2.1.70 6('!1.7.1 lb:.J ... l9" 652.33 15':1 .. 1<] ~q.91 ·540'~~ .1'~ .... ~~.~ .. ~.'O5 eOI." I - 20-0-.. ~3 iu;U b70 .. 24 a~6.1l Z4) .. ZQ 94':) .. 43 :?:4C'>.2'i .,41.<;12 ~_rt~4 .. 69. 2.0:;.,01) BI?.31 f~:~i 432.4b .14 ••• 15~.al 66-, .. ',)6 IU.51 3:38.2C 492.27 1l~ .. 4l SlQ.69 120.15 
,0.10 lQt.'19 .. ,~s:Q-"'" 7-6-... -'>6 ;b2.0Q 1'3.91 18.b1 90.25 1q;4.73 37 .. 94 20h .. 45 1Q.0'1 17~:ii !6~:~~ :nS.60 7,1.91 364.04 19 .. Ql 47~ .. 'i7 122.4'> 524 .. 57 12(,.1 S It~:n 424.bb ~17.'i5 15~.Al 6-&l..01 l.s~ .. 'n 
h9.t4 545-.q9 756 .. 55 203..50 921.16 21)0 .. 0" 612.23 "?"~? .. 49 Z4C .29 955.2.8. ,240 • .29 
SIR!. fr:.-
Utl ... 4f 
244.76 
379 .. 77 
51& .. 60 
tr5b ,{(-7 
flDl.64 
672 .. 45 
534.45 
404 .. 2 7 
20.4 .. 30 













1";021 .. 1") 
.. !-:IS. J-~' 
163.51") 
221.43 
10G • .oj 
221.31 
3;)'.:1.6'.> (11) .. 2:; 
62') .. 96 







lq~ .. ""-l1 2:,n .. 74 
'1 :O().91 
1.5Q .. 63 
11'1.d1 
80 .. 10 
37.16 
P ) .. 10 
11?i<7 
16;) .. 21 
1 '1':.).17 
.2.3'J .. _1fr 
$rRt.J11 
7Y..211 










19 ~ .. :~ C j01. ",t> 
41 ').,:n 
;.3/')", :..( 






:.17 .. h.li 
... 97. ~"7 
\ 17. .. ~-{ 
2~4., .. 9-
144 .. '::4 
e 1. b"'i 
1. f>Y .. ~ 1 
z-rr; .. " r 
3R'i .. :;-1 
5Gt> .. ,,'9 
t"5 .. 5.t: 
a.VERAGEO ACT IO"t$ & sn.':';,J'Js 
40 .. 39 125.26 
1~g:5~ l5b .. 41 385 .. bO 






119.69 404 .. tH1 
79 .. 30 <12.07 )1I.90 141 ... 10 
1~8: ~~ . 269.;3 400. bB 
159 .. 91 530.07 
200.11 bb4.14 
240.01 1Q5 .. ~o 
AvE-RI\G-EO 4CTlJl'lS s: SP"~p.j,:, 
40.21 115 .. 82 
eo.)O 249 .. 6~ 
120.04 319 .. 65 
IbO .. 13 511 .. 78 
ZOl,..,03 64.1i .. 13 
240.31 112.9b 
ZOO.5~ 652 .. 00 
lS9.78 5211. q'i 
119.130 404 .. 51 
19 .. 95 Z1b.71. 
3CJ.i4 1-40.12 
80.30 2('1.53 
12.0 .. 04 393.1~ 






TABlE C2 CONTINUED 
ACTION T, (Iblin) AND MEAN STRAIN Lc (microstrain) VALUES AT EACH GAUGE POSITION (see fig.6.4) ON MODEl ElEMENTS 
.1 &.2 a&x4 .5&.6 x7 &xS ><9&xl0 
-~--- -
LABEL IS >XX 
At TI O~ sH.i' AtnM- STI-{AJ ~" Asr JIJN STRA't'l ACTIO\! STkAI r-..: ACTll.i1>J sn;oI'J AvER4GED A:T10\lS £. 511.AI\I$ 
40.09 112.59 39.41 103.7::' 41.15 81.18 3C1.41 108 .. 5~ 40.09 12;.2>.1 40.03 lO5.b7 
8.0.-17 234.93 19.9& 21-0-43- .8~.7lb 172.15 78.E2 224 .. 02 80.:!.7 243.57 79.94 217 .. 02 
m:~t 348.4{) 118.23 31'J.24 119.39 274.96 118.23 '42.40 120.26 j6b. >11 119.27 328.55 463.94 158.21 416.90 15~. 79 37,.62 157.l'l) 4b2 .. 75 159. n <,-87.11 1':>8.84 441.2l'l 
199.86 ~.3.32 '1~" .62 -""'"52'b'.'"4'8 _._-". 1~".4-6 469.54 1"97.0-4 -590-.92 lQ-Q .. 80 007.
'
.1 198.11 555.53 
239.94 69b.84 236.45 6-3,.08 230.45 580 .. 08 23b. 4 '> 110.2'" ,L''=I.£.J4 7 2 ~ .. or) 231.85 610.19 Ue:H ~A7.23 197 .. 04 531 .. '\6 197 .. &4 469.53 ~H:~~ 595.fH lC19.>jo tl13.27 191.B2 55g.44 ~'~:~t 157.6> 421.79 15&.48 361 .. 92 1.75.46 159.77 4q4. ~1 15B.26 441.11 0.26 117.65 318.06 1B.23 263 .. 13 118 .. 23 357 .. Db 111.bB 377.54 IlB.81 '3'3e.13 
80.17 253.52 71l.S2- .21b.30 12.44 154 .. 54 18 .. 82 237 .. 69 79.Ql 252.34 77.85 222.8R 
40.09 127.2. 3A.25 Ill. sq 37.0C! 17 .. 2b 39.41 118.32 40.1,9 13"1 .. :11 '3B.98 113.49 
1'0.17 241.77 7R.Fl2 213.37 1d'.!:!2 170.19 79 .. ~1j 236.71 11:.J .. 17 252dC, 19.59 222.BB l~g:f~ 357.2:5 11~.31 317.0~ 11:).91 261.19 118.23 355 .. 0'"> 12').2b .~ 7'5. )q 118.69 333.24 470.78 IS7.b3 421.80 157.06 369.7A 157 ..... 3 471 .. 5j 1':0<).77 4 9'}. ~ 1 158.31 445.96 
lQ9.86 585.29 198.23 535.30 197 .. 04 474.46 197.04 5~3 .. 83 1 q ~. ti6 t>1 ~.1 'j 19f1,.40 5bl.bO 
239.94 699.79 23b.45 b40.Qb Z35.87 592 .. D7 230. 4 5 716.lJ 22'J .. 94 740.4£ 237.7367 ':> .. 87 
LABEL IS 10XX 
AtTIO'4 STIt4Y'" ACTION STRAI\I ACTIO~I ST4.-'l.T'·j ACT [1")'·1 STR.'!.I'I rlCT IC'11j STR.\ 1·\1 I\V'ERAGED J'CTtc1'11S r. ST ..... ·\I\lS 
40.13 132.13 40.04 92 .. 95 41.2J 117.24 39 .. 4b 152.0') 47.40 96. !J4 40.66 118.36 
80.21 272.01 80. :)7 2.01'!.f.C' 80.07 21~.8~ 7R.'H 2~5. 53 80.Z 7 lRl.l':! "79.92 234.01 
120.40 408.09 IP:J.53 27b.;lb 11 'l,.37 32B.45 IlB."n 437.43 120.40 271.,H 119.41 344.5B 
159.96 53t;!.23 151.82 395 .. ,4 156.98 440.94 1 ~7 .82 5MI .. 57 l/.)'J .. :;4 3b 7. ~4 159.02 402.3A 
200.09 b11.32 197 .. 28 514 ... 11 197.2B 553 .Io-~ 117.28 b97.74 2CO .. O'1 45"1 .. 02 19B.40 579.21 
~~g: ~~ 19b.5B 236 .. 73 b35.00 237 .. fl9 674.79 23/.).7i 823.0? .2.4J.23 )'),.12 23B.36 6qb.b3 bab.02 1'17.2" ')2b.o4b 117.28 5"d.29 H7.2o 70R .52 LCFJ.,)Q .. 5t>. -!-:. 19B.40 567.83 
159.96 56-8.062 157.f'.2 412.q& 151-1.4,'"1 450 .. 72 157 .. .P2 5'H .. l .. ) l5c;J. oJb j'}'1.·j2 15B.79 47b .. 4B 
1~g:i9 44-6.32 117 .. 21 2~8. 7') 117 .. 79 3'4.2~ 11;l.37 4b7. f>' 12;-1.4(· ,:b3.1 ') 118.B3 3bO. OS 31S.22 78.33 177.14 77 .. 75 71 "I. B4 7R.91 339.6(\ 8'J.i:.7 10R.2 '} 79.11 243.P 1 
40.13 171.3b 3"8.7;1 65.5"tj ='l .. 5S l(14 .. V~ 39.4b 1 '13 .. 7~ 39.YoJ b9.4b 38 .. 57 120.91 
aO.27 2"!:J7.57 7P.cI 170.;:'6 7~. ~oJ 1 219.?4 78.91 327.~0 ~CJ .. !. 7 1/.)<) .. >4 79.45 235.9J1 
l~g:~g 425.76 12l .. £. 7 ;;;qD .. bo) 117.7 0 j3·).41 llt!.37 455.''::'<3 12"].4:' .(.b'}.12 119.b5 J53.40 552.'-Ib 159.4n 400.23 16.".72 458.5P 157. P2 ')1:,4.2tl 15~. '=16 16" .. '",1;' 159.37 471 .. BO 
00.0'l b76. ,7 1'l7.2" 507.fl9 197.213 ~6j.?''1 147 .. 2e 711.4.'-: 2C"J.')9 "'-b(,.··H1 19B.40 .,~n.;I., 
240.23 79B.56 236 .. 47 b33.13 2 3n .. 73 /-,77.7.P, 237.31 11'35.77 ?4'J./3 :;1')6. FJ 23B.59 700 .. 39 
LABEL IS 11;(;( 
AtTIO'! SHlltl'l ,'CTI~"l $P<AI\J ACTJ 0\1 STo..A I'IJ. ACT IO:~ S TR.Al '\j ACT 10\1 sn:'I;~ AVERAGED 4CTlO1odS C ST-:A ["JS 40.01 n·.44 4";: .. 4:;-- q~.9S 43.Q'" 153.b5 39.3 4 1,5.H 40 •. i 1 57. '"l2 40 .. 76 102.57 80.03 117.13 78.~7 1 0 3.75 7~ .. b7 277.q2 7~ .. 6 7 279 .. R 1 'l,·J • ..!3 1J4 .. 23 7Q .. 21 212.57 120 .. 04 lBo .. 75 118 .. ( 1 298 .. 4b liC .. :'9 407.16 118 .. COl 412.94 120._4 221 • .j" 118.94 32~. 34 160.0b 39b.3B 158.50 411.99 1.,7.'i2 53;:> .. ~5 157.92 540.21 1&0.00 ~21.?6 15B. Bt;! 440.48 200.07 504.06 196.0,8 521 .. "'2 1 q~ .. 6g b53.0~ 117.~4 6/.)5.54 ;;:'JO. )7 '-IL 1 .. 11 198.21 !:I53.09 2:41.24 614.bq 217.7'" .... 33.27 237.13 7~0.5~ 236.60 7H4.03 ~4') .. 'JI-' >27 .. c ~ 23F1.57 6b8.0b 200.07 514.85 1 qf,.10 Stb .. 7,> 1~7 .. 26 bbl.Q4 197.?.0 671 .. 4') t(.,). J7 r.21 .. I? 198.15 551.45 IbO.Ob 1o-14.C4- 1 ')7 .. 0 2 4tl.O., 1'5 --J.bb ')48.37 1 'J7 .~2 5:;t..93 l·J·:.·JO 12 "I.? ~ 15g.12 450.7j 118.8B 302.45 116.Gl 305.31 114.54 408.2'1 l1~.O 1 437.41 12;). )4 221.49 11 7.90 335 .. 00 80.03 198.68 7R.67 1q}.77 7::j .83 2g5.58 7i:' .f7 312. 1 ~ ~O. J) 12'=1.4 :. 79.45 225.53 40.01 86 .. 15 3.~ .. gl 79.23 4:'.12 174-.1'3 31.34 Ib5.3 4 4.,) .. 1,1 62 .. ..1 3 40 .. 8a 111.37 80.03 1~4.01 75.t->7 19" .. g4 7 .... ':> 7 281.~7 7~.7") 2~5.:' , :> 1 • 1 .~ 1 ~ I • J '" 79.56 21b.32 120.04 2e7.75 11"'.:'1 2:P? .t->~ 11.:- • .,9 4C4.31 1l".:1!. 41R.8'1 12 "j.I, 4 "- i 7. ~ll 11A.94 32, .. 43 160.006 3t;!B.35 I"Q.C·8 406 .. 13 15-=1. )f> 53&, .. 59 157 .. g2 542.2 j 10J.".)0, .11'" .... 5 159.24 440.13 2:00.01 506.02 1 g7. 21-> 51Q.74 19:0 .. -')8 65b.11 1'~7 .20 bb4.61 2'':[1 .. )7 '-124. l~ 198.27 553.51 240.0i:!l bl1.74 23b. t-(l ~28.33 237.7" 7e2.5~ 237 .1~ 71t .• 1J3 240. J.'i 'd2.73 23B.34 bb8.28 
l4BEL IS 12XX 
A.CTIn\l 5T~.l.H l':'T r.J~ SF:l,·, .\;:, 18'1 STPU<~ d::' r Ie-'. :. TO,':"·, ·~c r 1" I S T'" 4VERAGED A:T 10\15 
" 




TABLE C2 CONTINUED 
ACTION T, (lb/in) AND MEAN STRAIN c. (microstrain) VALUES AT EACH GAUGE POSITION (see fig.6.4) ON MODEL ELEMENTS 
.1 a. .2 x3&x4 .5 &.6 x7 &xB x9&.10 
------".--~--~.~ 
LABEL [5 13XX 
ACTIO"" S TQ:AI',I ACTI J1'1 5 TR41 ~ 4.CT I J\J S TRA ", ACT IIVj SH,"\'PI 1CTIS\! STf-',·~ 1'1 AVERAGED A:nO\JS , ST~" I 'J$ 
40.10 b2.01 4L. QO 133.12 41 .. 7:. 13 Q .':;7 '~.47 ql.()/') 4(1.10 f,,"'.l:>rl 40.85 ~1.4Q 
80.20 13 )..05- 1.A ... b1.. ~1Q_F.l 1 ).42 264.2'" 1A .. , ... .:.. lA;l .. Q OJ, fl':) .. .h~ 1.:." .. _,':; 1Q .. 50 193. Dl 
119.11 lID .. 34 118.26 351 .. ~9 1] 9.42 3Q4 .. 3Q 111'1..20 2nd.Elf' J. 1 9. 71 21 /') .. ~ 1 119.01 ZQ2.24 
159.81 292.53 15~.26 461. ?9 151.b~ '112.80 157.tJ ... 3:;4 .. 7? 1.,Q.81 3u2.4'l 158.65 390.90 
199. Cl1 ~b8.S~ 1'71.1" -o,t'l4 .. "'4 1"9;-1.1':3 tJ~1.C"? 191.10 4':':t .. 57 I'Fl .. 11 ~ 9>; .. " ., 198.51 4e o .l"J4 
240.01 461.6') ?35 .. Q 3 009 .. 47 ntl.51 141.62 216 .. "il 57fl. ':>1 24L'. -'1 4 "1).[,,, 231.79 590.34 
199.'n 380.5tl 1 0 7.10 't-9.~4 1'" .2tJ 6,5.1 'J, l'U.lu '-H~" ~'i lql.11 F~f-." I UJ7.87 4Q3.07 
159.81 294.49 1,7.6H 4bQ.82 157."b 524.')') 157.6P, 31:'19. D;;: 1 ~,). S 1 3'".') ... ( p8.53 ~9b. 7e 
119.71 208.39 117.6R 3 6b. 06 116.26 4(>7.12 11 ~ .2.<, 297 .. hl 11 ':I. 71 C:' 1 A .. ~ 1 18.72 99.1D 
80.20 127.16 73 .. 134 2').,IJ .. "lR 77.6f1 2ft ~.R.2 7H .f14 ?GC .. 6" GI!.?t1 1 ~4. II 79.15 200.84 
40.1D 5~.1:l7 3,).Q,- 129.17 :3 -J ,,'-7 159 .. 57.. 3 11 .4? 10C.?4 4 '1 .. 1 ~, ~I+ • .( 1 38.99 99.04 
AO.20 124.25 se·.r" 25'-.4') !:ll.lD 21'J). "! 7 7 P • f' /~ 1';7.7'- f'2. ';2 L ~ .(. ) 1 BO.54. l Q 9.26 
120.29' 2::'15.46 llR.LA ~56. 24 12}.OO '-CQ.?4 111-' .?" 2~1. 71 l?J.;:-- <.17.1'1 11 Q .42 294.39 
159.81 2811.63 1 ~7. /:lQ t. t>'-. ~.q'l 157.6.:1 51 'J,,, 7rJ 1,)7.oP "),136. t-. 7 1'5=l.-1 1C,l .. I,I. 158.53 391.48 
1 Q9.91 375.70 l:l7.1 'j 573.53 197 .. 1:; cd4 .. 1t> l CJ 7. Ie; 4 ~ 2. So ':Cl'l.'ll • 'J;' •• ,'] 198.22 '-91. r9 
240.59 464.73 2?~ • .,1 fo.7B.26 23.t1.51 752 .. 58 2:'0.51 ShO.47 ~4 J ...... l 4C'.'-. ')7 239.03 5'":l2.11 
LABEL [5 14XX 
A:TIO'J ST~Al 'J t.CThl·~ sn.fd\! o.C T T (1~' S TIl AI \: ACT In"'.1 S TRA! ~j ".C T ['j~j ~ T~f pJ AVEH..AGED A:TlO'JS , STH!\lS 
40.2C 73.26 3 -;I. "2 10':'. ,,~. '.4.17 ~ "i. 1 r; 3'1."i? 12?'It> ,-,' . ::' ~, ')7. 7'1 40.72 97.R4 
79.81 155.54 n .. C3 2P .. 12 1',. ~~ 1 Fl~. ~p 7::j.O'l 2'-3.70 {'1.-ll lP .. ",> AO.8b 1 ClY. 01 
120.01 233.83 lle."5 32'5.74 l1-=l .. U 270. 1~ II Fl .. ':;c; 10',,3.17 12lJ. ; 1 i°.,.: .. "1 119.25 2~7. bCl 
HO.ll 30Q.20 15? .. 6"i '-27.'-1:1 15;, .. 1':>:) 16-:1.01 1.,7.41 474.74 11':>0.21 j14. r.:.? 159.04 394.'H 
199.82 38B.47 197 .. 5) 524 .. 32 197.5 0 4bo.e; 19 7 .01 ')jq .27 19 ~.::2 '-':;2.;(1 lQ8.37 492.01 
240.02 4t-B.73 237.1il (:2t>.r'r. ;;:37. b' 't-.1 • ..,7 2~.,. "i) fo.n.Lj.-l L I~ I • .!:? ... jC1 .. }4 238.27 589.6~ 
199.B2 397.49 l'Jr:>.41 ")27.24 197. :>.;1 t.D ~. " 7 1 <)7 .. 01 ') =14.1-) I j.l. ~? .• >J7 .. "lIt 1913.13 495 .. 1'-
IbO.21 3(\7.23 15-7.4.::1 432. ,.- 1":'.l.,':1 ~A-I .. O;" 1 '"17 .'-.J '- .... ".4" It·). L 1 "',';' .. -1;'- 158.58 3':19.t<~ 
120.01 22b.C)8 llA.'') 338.'-2 11-'. ">5 2(:--1. ?:.., 118."'''i 3'"1 3. 7l., 12J. '11 ~ 1 ;I ." ~f 11 9.14 3:15.1':>'1 
79.~1 143.79 7-1.03 2~0.66 7-: .'-5 11'>".4'J, 7°.')3 2 7'- • 1 ~ 71. il n4.1S 7Q.23 207.03 
40.20 b~ .. 'H 4~.ln l"'l3. '';' 3;:;.16 7'-.'-1 31. "? 131'>.F.,F., £,n./~ 111. 'd 39 .. 67 108.39 
Ell.')b 143.7J 7Q .. ~3 ;;;:'11"].81 '3i.,g 17:.0.2: 7;1.'; " 202. 'J,::. 7J."1 ?l··.'4 80.29 204. 6 ~ 
122.34 230. ':11 1 IP.'~ ~ 'J, J. 6 r 11".71 2~ 7.2 =. lU."S 373.' " 12'_. [ j ~ ;, • .' 1 11 o. A3 301.lP 
150.21 .1:'\5.24 1 -,7 .'-1 42R. '-'- 157.4.::1 3t>'-.11'- 1'57.41 4-:'3.5;' U":'.=-l -:'-=1".1 "l. ISI:l.58 3'J~. 70 
199.92 3A8.')-O 1 ')7 .. ";<J 57.7.?5 70:' .. t...::1 47;'.7'- 1']7."'1 c;'~ 3. 1 7 H~.r 2 ... "'-. _"J l Q fl..95 4~5. 74 
;l40.02 471.70 Z-P.l 1 t>24.11 23-, .. ')2 571.0 4 23".51 f-o}-J.f1") 1'-:'. " ')11. ". 23fl.04 5':11.66 
LABEL [S 15(;( 
ACTJO'l ST::tU" AC TI IJ'~ ST';' AI '. 
..l C. T r Il'~ ST;':.['. ';'CT Jrl j ~ T'l: f' 3'l.1:J8 24.42 Ti .. "?'q lCl. t-6 3 q • 'J, 1 1l.,L-. 7~' )C T I '-J-' :. TJ '. r , AVE~AGED 4.:TlJ~S , STU !'~:) 79.qb 51.77 7f.q 2'51. t-4 7 ~ • 61 '2 CJ? 77 1"1.21 !;f.l1 ',~ . " 
'-:. c...., 39. /:19 A 1.61 
t~~:~~ 87.92 11.2. G ~ 4JC .. L-,:> 11-'.a' 421 .. 7L 7" .f>l In.l , -'. ,', 1>-·.·. 7':'.?7 173.21 12'l.':U .. 1 "')9.';'3 ')"'3.17 157.1'1:'1 ";'-r-:."c,? 110 .. '.l 2r,7.1 '. 11l • .I" i -:c). ~ } 11 q. 31 ?71.4t-. 199.'-11 11:16.65 197.11 b86.31 1 ~7 .. 00; ,,7>}.11 1"')7.1" 'J,nr .1', I .. ~ .. ·d ':"01 •• ,;' 15<:;1.11 371 .. '-1' Z39.fH 254.14 ? 3"'.'-1 "1'5.':;2 l Cl 7.11 '-1",;:.7 -.r {:,)-.'-"' ~ '-.., .. .[ 198.46 7 'l,~. '-I >'Ire. .4-, 2~"". '-I "':" ..... iJ:' 473.25 199. ql lEIS ... 7 1 .. 17.11 7l3.~':' 'l, ~. _ I ,,:<).f-:' 237.BO '573.66 
159.93 1<:1/"".'13 Dr7. '1':;: 1 .. 17 .. 11 '- 7 7 ... ~ 1 ~ '. d ; .... ? -119.1d 156. Dt. ::'16 .. 72 1"'-( • .2/ ., ..... '- .. ~? I"" 7." J ? It... 7--, 198.11 478. 5~ 119.95 /:15.10.:; 11 ~. 4g 447. '51 1'- --, • ~ ) (-,7."J 15?31 3 71":. '54 
79. Q 6 113 .. 4 ~ '-37.4;:: 1 F~. 40 ")7'-.9 j ::'1.;1.',,:> ::'7::;. i', 3J.2", 7~.H 303 .. 6'j 7 ~.::ll 3C"~. -;7 11 ~.oe 2 ~O. I'>Fl 39.98 7 .. 76 3~.31 14b. o ,:,: 7P.fo.l 177 ...... 7 "[ <. i'_, 1,- i. 7 ' 79.15 1-"'3.4(1 79. '"1t> 3 .... 73 151.['1 j'-l.""l "L" 21 "i? ,;> Co~. ~'- 77:l .. 1 q 2,'1 .. ') 1 f-I':.:-'>'< z -rf .'-1 4 ~ .. , 39.46 as.90 119.95 Al.H 11.::1.-7 .:.? J. J ~ 7,1. 1'1 1-'7.':l " ~ .. 1 ? ... '. BO.l <:;I 1 ~2 .. tJO 159.93 12Ih<':1\J 1~7 .-c' :::,.,4.1:;, 11 ". l~a '-1- .. 1"J 11 "'.,--, 7-1<",. '''l., 11--" " : ('. 119.19 275 • .:n 
199.91 157.65 17:l7 .. 11 t).,:=!FI.25 157. ~C" S,'-6.') 1 1-.7.1" J 373 .. "' I', ...... ' c. h 4. ,~ 158.65 ~ 13.7.4 10 7. ,,~ 67~ .. 7'-239.e~ 2~(:..12 236.L-l SlG .44 2;').41 79'-.5/J 1":'7 .. 11 4 7'-.(--,,:, 1._' l.:.f .. .:. 7 19F1.58 '-74. D4 2'::'0.'-1 ':lr~ .. '.'j ~ ,:.. .. ) 4(1.1 7 l37.81) 574.45 
L4BE:L [S 10:0 
ACTiO'll STR.~l\! .... CT 1 '. Sf: !or ~ .;,rT ! ',: .. ep;.:.. ..l.r"7l- ~ T· : .. i _~ r. r 1 )1-'1 1lv'i::RAGED .::..: T! CJ'IlS , ST-\~ I 'E 
39.9b 63 .. 49 3'1" '"'6 q -, .. : ~ 1 ~ • 7 " ~ . ~ :;I. u .:.0. '-1.11 7 ~ • .:: ' 39.90 6e .. 0'::1 
79.'H 131.9~ 1'"/ .. 1.:. 1"'5."' .... "1.':'; ! c.. ... _ 
, :t=- • ~ • r l <.,1 .('?' .. 7Q.91 Il.,tJ.13 IF/.a7 2Jt>.2" 11 q .. i"") :? 3;'. 7" 11 ...... 7 314: 1 1 ~. 7 • "1 '- l • ~ r "".,.7 119 .. 14 2213. ~2 1509.P.) 2~4.3v 1 ~7. 7(.. -'·79. ;.:.. 1 >~. 2 P 7.r 2_ 7." ~ ~.'< 3 ~ ·,G. ,l., lS8 .. /:I(:. 3I7.9':l 
199.78 ,,79.43 19/:1.q;:, 47'-.5,:' 10 '-..13 4: ~. 2 ~. ~ ~ 3jL-.r.j -'I .. r- (.";;.:!. 19E.33 4:'3 .. 22 239.74 462.')/:1 236 .. r1 ')71 .. ~-,lI 231: .. 83 '-157.'- 42L .. r -.:I. ('- "):,"" .. 238.00 4C)9.'-4 
1 q9. 78 381.3b 1 ':Ib .. C~ ,-79 .. 4-::- 17:l" .. O~ ~::;~. 4 ~:~;:- 3'17,,1-<- ' .. 7'= !,~,::; • " 198.10 '-10.7E 
IS9 .. B3 27:l5.27 1::'7 .. 7( -,,"''-. '-"1 1 ':: r .12 ,21- .. '" • I ~ ;::e;;,.,;!. :: ~ ~ ;..:-=>. ,.. 158 .. 41 319.5B 119.67 lCl5.27 11~.42 2':7.t.2 :1':..11 2~ ':. '- '; .'-~ 1 7~' .. ::: ':" .;:. 7:;.1" lI8.S4 2'-5.1 ') 
71!h44 Ur..29 79.1t. 10').7') "77. :;~ 7"':'- .. 2 ') .. 1l., -'I.e', ' .. 'I 1'"'''. 7Ft.52 I5t..4B 
3'1.96 47 .. 80 3°.2 C ;12 .. QC 3·.2=' 173. ~ '-< " ~-J ::'? .. .:.l -.... 1/;; ': f:-. 1 '~ 39.67 75.05 
79. c)J 12-4.1::- 7 O .1.r. P3 .. 0",:,- 7-:- .. U· 2:--Ol.1 ::I .. 1 l., ..,.2 .~- ~'" L.~' ! 7"-'. 1 - 7 0 .56 157. R4 
119 .. 87 £.J3.33 IEl.t..} 7":<.;:: _~ 1?_.1" 3:-.' .1 ' .. '-7 17).2 ~ • - 7 F'(... 119.58 244 .. 75 
160 .. 4C 281.. .. .,4 ')7.T: 75 .. 7: I.,r.7:- 3 Q ,." '.7 L --." • ~ 7 :;. ' -,< ... : ISR.6/:1 334.4:' 




TABlE C2 CONTINUED 
ACTION T, (lblin) ANO MEAN STRAI\I £. (microslroin) VALUES AT EACH GAUGE POSITION (s .... lig.6.4) ON MODEL ELEMENTS 
.1 &x2 lC3lbft dialS x7&.8 19&110 
lAlltl. rs lUll 
ACT In"'! st'l.!.'~r\' AClIG'i $r~Ar~; .J1.ClIO\l ST~A I "! AC r 1,"'!\J 4;:1.15 102.71 3P.Q8 64.(.6 39.56 trfl.f. .... 4C.83 1St .. 13 .2'oe....42, ,s2.04 155.5a 7:'1.13 l,t,:).E<i 7<1.:;11 11'1.2,7 311.0.. 11 i;J.ll 231 .. 91 llA_ .. l1 222.11 120 .. 15 HT.be H2 .• ~5 1~-'3:.f,~ 315.11 1,7.&. 304 .. 32 1 ":>~.M2 
-IO}'? .. -Z" -5-1·h., .. 191 .. 24 4~v)-.25' 191.24 397 .. 2"-; 2nG.h4 23b.~C'1 brn .~2 23CJ.BO 4P4 .. 42 236 .. 4;) 4:.t5 .. 34 23-'1.72 19~ .. 6n m:H 190 .. of:! 399.29- lq"l' .. 24- 4C6.(H i':,,! .. ..: ... IST .•• !r· 151.1)~ 3I?I" 15"7 .. 6'< 31 b. J7 1 r;'? ~2 HI>.q~ 329.66 116 .. 37 224 .. CQ lIS.11 232.8-? 120.15 1~.u <!15.74 11.~b 143.34 7<:).13 14;'1 .. 12 7-:).32 39.')6 124.21 3~.94 b2.M' 3~ .. "'" t-F..oj", 3"' .. ')1) 1'.13 Z25 .. ~t- 1~.1 ') 14,>.7Q 7? .. 1' 147 .. 70 19 9 41 118.11 322. "I Ilf.b9 22!<1.()':' 11" .. 11 22') .. ~t) 12\; .. 1'" 157.~B 41~.7J 15:).42 31 C. 22 157.e-P 314..1) 1 t'> 1. ' .. 7 197.24 517 .. 5': 1 g 7 .. 24 3!.b .. 30 191.2'- 4:Jl .. 1'') i:');. ':b 23f>. ;;,:' b13.39 2~b.d:) 48i).Sl 23t: .. -=;:' ~P~.21 2Y? .. 1L 
LlHI.Ell S lUX 
'4.'C'tlfl'l S ff':tI PI he Tf 0'< ST~Al".l Ae tlO', ~ T~APl 
3';l.~b oJ .. td 1" .. h~ 74 .. 31 3::J.e>t' 7Q.i.'::; 
7,9.7} 13-7.;:'\4- F 1 .. ,:;7 1 s~ .. 4 __ 7/:, ... 7.1 l"'~ .. "H 
lTe.3q 1 ~&.6~ I11T .3q 234 .. "14 118.'19 2:'39.71 
l'1f\ .. b3- 2N.7~ 1~7+47 314 .. 1.t. 1~7 .47 3L2 .. Q ,,> 
199.4. 362..,;; 1 Q9 .. 4b 400.29 1 'J9 .. 4b 41Z.0Z 
:,?3:).12 44b .. 12 l3~ .. 70 492 .. 34 (; '!'" .1,( 4'1t- .. l-J 
118 .. ~ 7 3b 1 .. Qt;. l0~ .::'4 4(.7 .. I 7 19'1 .. 4"- 41 "' .. '14 
1'H ..... 7 2 7-b. 8A· 151.4 7 317.(le,! 1 ';7 .. 47 32:3.1;1 
117.Pl LQS.b5 117 .23 '?3~ .. ;:';'o 11 ri. 3~ 240 .. 56 
18.73 119.30 7:..9111 1"1.61 7.., .. 7~ 109. 2~ 
3g.I'ff> 'io'.,0'2 l":'J .. ,:,\7 7:.'1 .. 1'" 39."b Rt:l .. f)~ 
79. 'C 122.2(. p :, .. 4" P·::.l.,l 7',.7? lf5 .. 'H 1' • .3 Q 1 ~1 • .,F1 11 ".j.4 L3J.1? 11 ~ .. 3:'; 741.72 57.47 214 .. ~P:, 1 $';" .b) 321.(';1 157 .. 47 '322. tp:; 
19''''.4b 31>0. qS 1 <04 .. 46 -4':'":).1.7 h9 .. 4t> ~ 11.("(. 
230.12 4.r.!J .. 13. 23 1 .7') ..r.qS .. ~?I 2-~~~ .. 12 4'14 .. 2') 




TABLE C2 CONTINUED 
ACTION T, Obrm, AND MEAN STRAIN I .. (mierostrcinl VALUES AT EACH GAUGE POSITION (SIIII fi;.6.41 ON MODEL ELEMENTS 
xllh2 1I3&x4 ISlh6 1I7&x6 _9&xl0 
LABEL IS 21U 
.1~ T i -, , 
:\1.1' 
7- '* - j 
t1;:~f 
.2"':.', ..... .;, 
1 '"'7.~;' 
F,") .. "ll 
11 C.'~ 
7 ... "":' 
:./';. 7~ 
7" .;;?! 
: .... <::" 
-.7 .... -:; 
:;" .. }t 













2:- 0' .4") 
2 j,:>. <; 1 
311:1.7':; 
4 to> 3. ~4 
~l.f..l ! 
$T*\~ i '\ 





4"'':; .. 2.., 
3 ~ ~ • ;;,;' 






2~·::l .. t.~, 
33;:' .. ?"! 
.{.~~.3"J 





= 1. ~:. 
,~ .. 
~~: t-
lY a ~ 
L.~ .. 
?:: .. 7 
~:' . 
~c II )\1 
;""1.,)4 
7 4" ~ ':! 
ll·~ .. ~ ;:' 
1 ~? .. 7~ 
;:O::.~= 
2', 'i. /7 
:'J} .... C; 
1')1.1f: 
11'.~2 
7-1 .. ..i ... 
l, _. '44 
7~.;:I (:> 
l.l J ... 2 
131 .. 7f-
t: .' ~.~ q 










:::, T • J 
"1.;' 
: ,») ~ 




ACTION T. (Ito/In) AND MEAN STRAIN '!I (micrstrainl VALUES AT EACH GAUGE POSITION (se .. f;9_6_4.) 
y1 &112 y3&Y"i y5&y6 y7 II. ye )'9&y10 
LABEL IS lYY 
ACT/DN STRAIN ACTlQN STRAIN ~CTlON STRAIN AC T 10'" STR4tN lie naN ST"A[N i9.~9 ;35.04 19.99 157.50 1'1.99 192.77 2C .;8 ~77.10 19.99 134.05 :3 .97 2: J.96 39.97 356.11 4c.56 425.&6 3tJ.97 3 6:.1R 3 ih,;)? 24/h"iZ 59.96 406.99 59.96 553.71 5q.96 625.28 59.9b 542.l(i 5;1IiI. ~~b :; 16:.11 7'9.95 54e.83 79.95- 737.58 81.12 844.45 79.9., 72b.04 N.H '13.11 99.94 b98.44 9q.q4 
1m:;, 
qq.94 10210.48 .q9.94 cns.a? 99.94 oSA.S2 1~;:U m:~~ 119.92 119.92 1218.19 IH.n 1094.89 11 q" Q2 8v&.27 99.94 936.02 q9.35 104J.15 99.94- 927.59 ~9.94 bbZ.45 79.95 559.48 19.95 m:~~ 17.&0 844.46 79.9; 7,5037 19.'-15 "l(hbO 59.% 419.b2 59.96 59.9& 6:69.33 59.90 577.213 59.'1b .!89.43 42:.33 297.32 39.97 394.11 39.97 467.75 39.(;17 lOb.ZS 39.Q7 258.JU it:n 144.77 19.99 206.29 H.99 242.66 19.q9 2(,9.34 1-:;.'19 138.'1'') 288.!B 39.97 391.38 3lJ.97 454.00 39.97 363.5Z 39.~7 2: S6.3 2: 5'ii.96 420.S4 59.96 555.47 6·:' .55 &59.47 59.96 50.IJ.44 59.16 1>1H'I.42 79.9, 56".25 79.95 750.0B 79.95 857.LO 79.95 753.30, 79.~'5 524.43 99.94 7at..C,. 99.94 9Z5.11 99.94 1046.86 99.Q4 ~3C. 43 99.'~'" ilbq.24 119.92 tl59.5C 119.9< 1114.79 119.92 lZ46.5f l~o.5 1 I11T.2e 11 9.92 $18.95 
L&SEL IS ZVY 
ACTlC"! STRAIN ACTION ST~AIN .CTlON STRAIN ACT [UN 5TR.o. I "0( ACTtti!\ :)Tl-tAIN 19.1H 1MJ.31 2G.97 17b.18 19.81 IZ8.U 19.a1 143."3 19 .. 22 108 .. 34 39.61 362.08 41.36 367.98 3<;1.01 269.07 39.bl 2%.03 39 .. bl 345.48 be.co ~54. 79 bO.00 540.19 b:_ .00 475.43 bU.O:" 437.39 bC. :Q ')2b. ';1 79.80 141.59 79.80 737."2 7').80 593.7& 79.8( "84015 7"l.f,j\:. t!93.81 99.61 92.::"42 99.0,1 ~24.b8 9q.&1 754.1') 99.bl 7H.83 C;9.bl 1::;47.41 1~3:~! 1~2i:~l 119.42 1117.39 119.42 928.19 119.42 Belt.47 IHI.42 I. 15.6!-l 9q.bl 953.01 9('):.61 773.&0 qq.bl 7>1.71 q9.bl i:'b3.~., 79.8 790.1& H.BO 778.85 N.se 612.19 7CJ.8( 5d9.9" 7Q.ftC 114.34 60.00 &20.90 60.00 597.85 5' .42 446.8b 6':::.;::~, "47.n .o.ee :;.'59.15 39.61 442.87 39.61 
" 12.93 H.b! pO.16 j,~.bl 296.46 39.01 389.51 19.el 244.33 18.b4 Z04.53 1 ·l. 61 58.34 l~.;n 155.58 19.tH .217.24 :~:t& ;~ti:~j 40.19 385.55 4",.78 305.05 39.61 299."1 )9.0,1 U6.1R bO.OO 576.35 b~ .GO 447.83 be .c,~- 44).25 b' • .. L '249. 1 79.80 7&2.&5 19.80 705.17 79.AO 613.0" 1Q.c\.' 593.9, 79. £II'] T ..I ~ .. ') 1 
11;:tl 
936. bO 99.61 951.04 QQ.bl 775.3B ~)'~ .61 736.7':> q9.hl ':;64. ~ 1114.3& 119."2 1132.01 119.~2 q4-;.'il 119.42 811.;.)4 11 '1.4l 1 i."3 .. "'j-( 
LABEL IS 3YY 
STRA/III ACT/ON S TOA/~ 'Crto~ :;"t-=tA IN AC nON :. Tt{A, IN ,';'CTltll'>4 sr-Ol( ~ 135.04 19.75 121.<:b 20.33 lZ~.3t 19.75 lb'l.2t: 19.75 154.'. 291. ss 41.24 2bl.14 4' .u6 ZSc.50 4:':-.0/3 339.5-: 4(;.::"'8 J23.73 40,2.73 60.41 404.86 &~, .41 39ij. )Q 59.63 512.6, sq. ~3 489. ,I,. &10.37 gO.lb 557.39 8 .16 542.02 8";.1-:' 678. ~I"l 8J.16 601.12 170.71 l\l0.46 708.'0 <n.qo 6e,. En 99.9C ~31'''2 <;9.9j 'P.7l nl.L3 121.3" 00,8.19 lZ.23 841.34 Ll9.b, "9di!.B5 In.b' "'b7.29 785.3~ -J9.~O 733.Z0 9":).90 709.32 99.9C 3.,,,.91 t;9. ~e 6 3b. 2 'l 
m:H 19.57 6JO.31 IL .1& S7;;.21? B,j.lo 11"l.Q7 8':'.1. 097.F.~ 59.63 "67.n 5".) .. 63 441.4(' .,q .2S 5tJ3.54 SCi.1i3 .,42. jib 370.89 40.',)1J 335.43 4 .09 311.35 4G.r:1;I 411.01 4C ... ~ 3~ 1. bO 222.24 19.75 198.56 113 .5q 177.33 19.7') 2,,7.15 Ig.1; i ;fiI.4t:!' 363.14 40.( 8 319.64 4: .09 297.6. 4J.0J1 .H2.97 4i..., a 31)8.1b 4Q'i.21 59.83 4~3.$2 5~.25 41 •• 0, 59."3 5~3 .. 41 5,." 3 ')21. ')5 b42.94 60.1. bCO.52 e: .16 5bl.n eo 010 6-:}"'.8":i He .10 o.el. ~9 784.78 99.qo 741.32 Q''"'.90 61;)6.97 Ll.CT B54.37 c;9.,;;.Jj ~32. -..6 92S.bb l19.65 SS5")5 11-1 .6> 839.8~ llQ.65 .93.31 111?t» -18'3.40 
LABEL IS 4VY 
lCTIC" STut" ACTiC" \TUI~ 'CTlO~ sr;UIN lIC r I r: j\.j s- T><A PI ocrrC' :'T>A" 
19.64 IS2.71 20.l2 le7. JO 21.35- 189.93 2:.22 1=1.15 20.22 191.1' 
4\>.44 ;;:9".51 41.-.,'2 3&2.17 41.02 354.25 j •• S6 He.S' 317 .. ';'6 jjC .. ::< fl 
00.08 444.38 58.93 50l.11 6 .Og 51~. 71 b'::.('; 409.77 bC ... 8 41:9 ... 17 
19.73 '''3.15 19.57 662.55 7 .... 73 b71.03 6G.3G f:J(;6.71 au.3", o~6 .11 9Q.q-; 74-J.qe 98.21 80e. ~l 9<;; .. 9S 82:.51 g~.q; 7"1.b~ 99.'15 741.63 
120.74 m:6~ 119 .. $q 97305' 119-.43 9b9.aC 119.5q 875.5!:'> 119 • .,Q ~75.;5 99.95 "9.95 853.H 9B.79 645 .. 49 99.95 753.25 <;q .. ~') 7'53.Z5 
79.73 0,07.57 79.73 72'5.97 7'~. 73 732.0lt 79.15 637. H 79.15 e.37.7Q 
60.0e ",,,2.03 C.O.V'S 591.87 5>:< .35 S83.4C' 6c.<:a 522 .. 3'j &:;: •.. 8 ';)22.33 
3<i1.Sb 4-.26.09 39.8& 451.90 3~.29 ~53.35 39.2':; 3;Z.r 39.21 jQZ.2e· 
lO.22 29&.41 lO.22 294.35 19.C6 296.9" 2G.22 259.1'<;' N.n ;:. S9.1b 
39.86 '96.l2 39.S" 421.55 3~.80 437.77 39 .. etl 3137.31 3'J.'!b 187.31 
bG.DS 511 .. 7"! &1.82 567.33 6, .08 514' .. 60 6G.CS:! 5 ... 6.62 be •. 8 'h .. f:.b2 ~~:~~ 040.67 79.73 bq:b.42 7-1.13 722.3. Il~: ~~ ~~3:;i 70.73 e:.38.oC: 1b1.22 :;9.95 84Q.17 9~.95 B63.15 1:0.-;'2 17e.04 
119.59 g98.21 119.59 982.00 11'.59 1"~3.q3 119 .. 59 8~e.'54 119. >9 ege ..... 4 
AVER~g'~~o At T !~~~A SHA.INS 
40.09 332.29 
59.9b m:~~ 80.18 
99.94 lm:~~ 1%~:n SH'r 79.48 m: I 59.96 
t$:~; m:7~ 3,z35 40.21 
60.08 5lH.47 
79.95 69C.0~ 
99.94 955. q3 
lZ0.04 1031.40 
A~ERAGEO 'CTIONS £ Sr.AIN~ 
19.92 157.17 
39.90 3Z7.05 































80.16 b3b .. 64 
100.14 782.02 
119.69 925.46 
AVERAGED AC HONS t 5TeAI'IS 
2G.34 m:~: "0.44 
5".85 4H.35 
79.13 626.03 

















1"~J:1I,.E C2 CONTINUED 
ACTION T .. Ubl,n) AND MEAN STRAIN'~ (micrst ... ",1l VALUES AT EACH GAUGE POSITION (s .... fig 6.4.) 
yl&y2 y38.ylO y5&yS y7&yB yS8.yl0 
LABEL IS 5n 
ACTION ST~AIN AC TlON STRAIN "CTl ON SH'I~ ACTION SlR'I~ At it 11/\ Sl4.A II\! AVER~g~~4 AC 1 m:7~ ST~AINS 20.14 87.11 20.14 110.55 20.1. 124.20 20.14 127.21 lC.14 lC4.7C 41.43 195.9] 39.70 222.04 4-:' .85 252.43 39.7V 245.62 3'1.7:', ~J.. 7 .40 ~~:§! m:6S 59.S4 .27!).Q5 59.84 33 ..... 0 5~.a4 3bS.91 59.S4 369.90 SQ.!;" .109.2.& 81.13 384.53 79.98 449.92 79.98 490.16 79.93 496.14 79. ~8 
... 1 R. ""8 80.21 4lt7'093 98.q7 473.55 100.12 565.31 9'i.54 61J.48 lCO.12 61b.50 99. ~4 521.04 99.66 557.50 119.66 578.22 119.bS 61::3.85 110.6B 732.76 UB.53 73e.B2 119.hg nlfl.~3 119.45 070.40 99.54 483.:n 98.97 565.27 93.97 612.47 99.54 620.45 99.':14 ':Ill. 69 Q9.31 560.64 79.ge 39,.29 79.98 462. sa 7'jl.9A 5C~.78 79.96 5e6. er.2 79. ~e ",19.17 79.9B 4,9011 59.84 299.43 59.B4 351.09 5'1.e4 382.bO 59.84 363.69 ~9.114 m:l~ 59.84 349.1 5 39.70 202.57 39.70 237.64 39.70 l62.28 39.7": 264.3< N.TC 39.70 23 B. 80 18.41 97.88 20.14 122.26 < .• 14 142.92 20.14 141.01 2v.1 4 121.44 19.79 125.10 39.70 19'4.74 39.70 228.86 42.00 262.29 ~9. 7e 259.41 39.70 224.1 " 40.16 <33.90 59.84 289.64 59.64 345.23 b~ .42 382.61 '1.S4 379.7,} 59.84 j2~.;lb 59.96 344.85 79.98 387.53 7q.98 455.75 79.98 503.93 7<:h'18 50,.;)<) 79.~8 ""je7.50 79.98 457.96 9Q.S,4 493.35 100.12 m:H 9~.54 622.32 99.54 62;).53 .:';9.54 S40. "3 99.66 567.14 120.26 587.\'14 119.bS Ll~.68 745.59 1L 9.68 74t..78 119.h8 049.\16 119. aD 692.39 
LABEL IS bn 
ACTION n~H'~ AC T10N STRAIN ACTION STRAIN AC flON STR.\lN .e(. Tt,]N STI'\AIN AVERAGED ACflONS C STRA INS 19.2& 19.84 14:'.84 10.84 177.07 19.B4 138.95 19. S4 92. J~ 19.72 126.03 39.68 172.23 39.&8 294.30 3Y.bB 351.16 3'i1 .. 68 lb9.05 39.oB 196.74 )9.6R <,b.71 60.6'1 273.q7 59.52 448.8. 6: .10 523.30 bu.L\) 406. <Ie b0 .l~ .j 12. ~C 60.10 393.(,6 79.94 376.b8 79.9" 587.74 79.94 682.70 79.94 537. C4 79."J4 4.H."B 79.94 523.15 99.7B 493.05 '9.7R 728.51 ••• 78 831.30 9 •• 7B 666.C9 9 •• 76 'J'i 1. 'l, 99.78 6'54.18 119.62 608.41 119.6l 862.41 lH.b2 98.1.79 120.20 e..: 1. ':tb 11 •• 02 f'. 78.1 7 lto.74 786.>5 100.95 511.5b 99.78 744.04 '99.78 848.74 99 .. 76 677.fd Q'1.7t;: ')bl.72 100.01 668.75 79.9" m:~~ 7q.94 621.79 1~.q4 Ill.56 19.94 555.43 7g.'?4 44b.26 19.94 550.00 58.3S 59.52 463.B9 59.52 5b9.96 5B.35 422.41 bC.It 334.7(" SQ:.l7 421.27 3Q.68 205.39 39.10 346")0 3Q.b8 421.34 39.6B ]95.27 39.68 <17.26 r9 • 56 291.05 19.8. 107.60 P;.84 201.32 1 Q.84 24>.3" lQ .e4 loe .. 30 19.--4 1 • .'1. SC 9.84 Ib3.29 39.68 202.107 39.66 337.25 3~.68 3n.94 41.:.2(;) 2Q".4S ,,9.t:"3 tL R .45 39. eo 2K1.:n 61.27 306.15 60.10 m:~g 6: .10 556.36 bC.6~ 411.6~ 00.1') -~2C.18 hO.45 41S.44 19.94 4:)2.98 79.94 79.94 7t'S.90 71.1.)4 543 .. 7", 7Q.'J4 ~4(" .. 'Hi 79.94 543.56 qq.78 5"9.,9 .9.78 758.65 q~. 7B 857.52 9~. 7a 66A. q ~ '7~,7"i '~5.~'5 99.76 670.11 119.62 b20.CB 1l •• b2 "92.51 lL o. b2 100\j.22 lLQ.bl r'"C.91 119.02 t. "9.11;) lL q. b2 79A.57 
LABEL IS 7n 
"C~~~~6 STRAI~ ACI ION ~ TRA It~ ACTl1~ SPAIN .oCtIl'N SrRAI"'j r,Cl ,u~ S TKA IN AVERAGEO r~CT1nNS & STkAINS 74.36 21..' .16 12'.33 20.16 193.82 2~ .It> 14t,.,-I;9 le.lo 83021 20.to 124.52 39.74 l~u.45 41 .. 47 257.42 3q.74 37a.73 ]q.74 2 fD.72 ,H.14 1 7F' .. i 1 40.08 2,3.69 61.62 .i:.b7.11 59.90 378.17 5'>.90 549 .. 94 59.32 44).4'1 5~."i':; i73. "4 bO.13 3152.47 eO.05 'bl.00 80.05 499.14 8,.0, bllo.b7 78.q J 582. s· 19.46 H8.74 7q.71 503.61 qq.6) 4bZ.72 q9.b) 617.55 9Q.t.3 PI7.9') 99.63 727.37 99. f-. 3 l1(;q. _'4 99. b3 b22.9q 120.9" ":)34.95 119.79 738.91 LlQ.79 951.95 II 9.79 ~b2.41 1\9.79 e;:,/h PI., 120.02 148.62 9 •• 06 477.37 99.,6 6le.32 9"'.63 836.53 9Q .. 63 744.07 <:)9. ~3 4'1Q.lo q9.4Q b!>7.49 79.48 367.39 60."5 523.68 B" .uS 724.99 BC.CS 623.71 ~O. 5 391.-~q 19.94 531.43 ~;:n 288.'9 59.32 409.le $0 .. 32 'lSa.':"3 5';.32 4 4 2.54 st; .'iC ~q,..,. 71 59.43 413.81 2QO.56 39.74 294.69 31.7.e, 44b.15 ,9.74 36(, .. 38 39.74 1 ')~ .. 1q 39.74 299.11 20.16 li4.46 20.16 162.56 l'~.Ol 266.1"0 20.10 214.47 2\1.16 Bq. , 19.93 1 b9. 34 40.89 2Qu.51 40.31 281.93 3'=1.74 421.6$ 39.74 34C.17 39.14 I a4.-J6 40.0S lO5.97 59.90 285.58 59.90 3.9.36 51.90 5bQ.4C, b;: .47 419.79 ""it.'},',, f 19. '::11 00.01 4~2.81 60.&3 3a4.11 60.05 513.B5 8~I.QS 709.27 e ~ .. r} S 6~7.~7 e.) ,"',5 j~4.1:'14 80. 17 51 •• B3 99.63 476.20 99.,,3 6la.3" 9-/.b3 63b.4? '1':;.03 74(".21 ~9 .t.3 49~.2B 99.03 6:'34.89 119.79 ~2. 74 12Q.37 749.72 11 J. 79 qt)7.45 11~.79 870.41 119.N [,L7.12 a9.91 1?~.{j3 
LABEL IS en 




ACTION T. (l1o/.n) AND MEAN STRAIN '!J {mierstl'l1inl VALUES AT EACH GAUGE POSITION (50 .... fig_S.4.) 
)'1 .. 12 y3ILY'" )'5&)'6 )'7 Ii. )'8 y9& yl0 
LABEL n 'I" 
AClA~z STRAIN ACTION STRAIN ACTION STRAiN ACTION STRAIN .cnG~ -SfR4IN U .... ~9 20.22 157.57 20.22 170.20 2C.22 U::,9.6C 2(;'22 105.68 
1I9.1J1 299.47 35.82 316.14 4'.).45 354.20 39.81 22C.2,· 39.37 203.55 
'~:'f: 4-6 •• 81 60.09 520.01 61.25 525.'" 60.b7 330.79 bO.(9 299.46 629.26 19.74 682.19 79.74 668.32 19.14 436.5C 19.14 397';33 99.96 7132.9b 99.9ft 841.71 9'>.'16 81B.01 99.96 541.24 ~9.% 496.1 Ii 
119.bO 930.78 120.19 1003.<00 119.&0 9b5.81 119.b0 649.SQ 119.bO '92.13 
9CJ.9b ~A3:U q~.qb 879.19 9B.23 835.76 99.96 545.19 99.9& 499.18 79.1" 79.74 754.90 79.74 724.24 79.74 443.4) 79.1" 4u3.31 60.09 5ob'h.84 58.3b blS.S9 bC.09 593.15 be.J9 337.76 bO.~·q 316.22 
-r~·1!J7 424.98 39.87 4S0.82 3'}.87 450.30 39.87 235.0:, 39.67 l17.38 9.07 27b.21 19.07 301.52 2".22 295.64 20.22 124.37 2e.22 116.55 )9. en 403.39 3'h87 432.71 4~.45 427.75 39.B7 229.0B 39.87 211.46 
61l.119 '41040 010.09 57b. b4 6:>.09- 5b7.72 bO.C9 330.8B be ".-9 312.27 
79."4 6Tl.bll 80.31 719.b2 79.74 699.86 79.7,," 441.48 N.7' ,,"12.10 
99.9& SOO.83 99.96 863.61 99.96 83b.91 99.90 548.1B 99.96 se9.;: 1 
l1'1.bO 937.91 11'1.60 1012.66 ll-i.60 977.91 119.6-G 652.91 119.60 b\;6.91 
LA8EL IS 10YY 
4Cf~~~0 ~i~AA'I ACTION STRAIN ACTION STRAIN 'CTION SIRAl , ACTION ST,AIN 3tn 1S1.S; 20.18 102.74 N.H 117.42 20 .I~ 114.56 2C.lS 98.85 41.50 229.92 3-J.T7 241.66 39.77 227.12 39.17 197.66-
bl'lO 290.58 59.95 336.52 59.95 364.89 59.95 330.86 59.Q') 7.96.<'1 ~~:7~ 395.23 80.13 453.86 8"-.13 485.19 Bu.13 448.20 80.13 3qfil.~q 497.92 99.72 559.46 9'l.72 599.60 99.72 555.88 99.72 ~VC .. 12 119.9 611.34 119.90 612.67 120.48 119.88 117.59 657.62 119.90 be2.35 
99.72 51b.48 99.72 573.12 9q.72 611.31 99.72 56S.6J 'i9.72 .,,,,2..'5Q 
;~:&~ 426.52 so.n 472.39 79.55 506.67 80.13 461.01 ffli.13 4C5.77 m:3A 59.95 369. T4 5'''37 396.17 59.95 ],9.27 59.95 305. ~4 39.77 '39.77 251.40 39.77 276.87 39.77 243.8'i 39.77 lO5.H 
~~:lg 123.35 18.45 124.23 2J.IB 156.55 2C.18 135.2'.- 2C.18 114. ;7 224.09 39.71 243.57 3'1.17 265.13 39.77 237.9& 39.11 2v2.4~ 
60.53 315.05 59.95 358.96 5q.QIj 386.41 59.'15 349.52 59.95 3112014 
BO.13 ~tf:~! :g:H 4b9.50 8:1.13 503.19 gg:H 463.03 80.13 4C3.'H 9Q.12 5b6.33 qq.12 614.31 511 •• '> '9.12 5·; 3.51 119.90 617.26 119.90 684.63 12] .4R 731.61 119.91l 6ti7.12 119."JC oC6.12 
LABEL IS lIVY 
AtTIO" srRAI1'I ACTION 5TH IN .CTlnN ST~AIN ACTlON S TRil.l N .ClI"., ST"AIN 
20.15 113.50 20.15 10c.78 2e.15 9Z.9fj 2C .15 9 I.e 1 2l.15 98. a. 
!~:n ~27.9" 39.72 215.24 39.72 193.76 39.72 lQZ.17 39.12 2::'2. "'>6 1t9.21 SQ.81 328.12 59.87 285.74 59.3C 295.52 59. aT ';(6. {\i 
80.60 476.35 80.02 438.29 8:.02 383.57 80.02 3e9.41 80" 2 (..14. '-Iv 
100.17 58S.82 99.59 544.9] Q9.5q 41b.53 99.59 4~O.Z4 99.59 "12.14 
119.74 701.30 Il0.32 b56.46 llQ.74 576.35 119.74 592. ~e Ll':j.74 011.S6 
99.59 613.2" <;)9.,9 564.53 9q.59 489.29 99.59 SCi 4 • 93 99.S9 ,,22.'.:1'5 
SIl.Ql m:~~ 80.Cl 411.64 8::: .02 402.25 ee.C2 41b.9-" BC. 2 i, ~2. '57 59'JO 59.87 377.76 5'1.81 310.37 59.87 317.1' 5q.d 7 333. e 1 fb~ m:g~ 38.51 m:~g 39.12 22b.24 39.72 221.32 39.72- t39.':lW 19.57 2C .15 13('.34 2C .15 110.65 2u.15 132.26 
3'1.12 Z99.45 39.12 253.59 39.72 222.32 39.12 2eE.&1 39.12 224.24 
59.87 4n.16 59.87 356.3Z 6).45 314.32 59.87 3C5.4~ S; • .e7 31Q. It;! 8goo, 5""4.88 80.i)2 4bl.~3 8, .OZ 401 .. 42 80 • ..)2 4(:6.26 SO •. 2 419.94 
10 0l 6C5.b4 99.59 551.93 9'1.!)9 481.55 99.5':1 5: 1.1" QQ.'59 "13.>'7 119 ... 704.46 119.74 659.12 11'1.74 SR4.47 119.74 59Q.04 119.14 blG.75 
l.SEL IS lZYV 
ACTION STut .. ACTION STAAl" ACTION Sfl{Al~ ACTIO.. ,HAl' ACHe" ,NAIN Z(l.lq !L14.70' Zl).19 11:.59 <D.B 122.31 zo.I'I llc.bZ 19.61 90.03 39.010 207.41 39.80 ZlB.22 4 1,.38 234.83 39.8;'; 23;).<19 39.12 Z:t2.'i1 ~9.99 329."6 59.99 318.99 59.q9 341.47 59.99 356.25 59.'1 }17.'1 9.60 439.2b 79.60 420.77 8:.75 452.02 79.6G 413.7J 19. :2 4)9.4) 101.52 558.&3 ~9. 79 H$.66 10:-.37 553.18 1~3:~~ m:~3 9d.b4 5,1.e5 119.98 658.45 11 9. 9S b23 •• " 11, .98 &5~.55 117.&7 Hl.'~ 99.79 ";)74.33 99.21 529.4& qg.79 5S4.79 q9.1q 60(;.99 99.79 ,131.313 
n.€>o 4B'.31 79.00 44"'.36 7".60 457.95 7/h6C 4~q.25 79.bt; "16.10 59.99 397.29 59.99 352.40 5-l.41 361.12 5Ci .99 341'h44 59.99 369. 9 39.00 299."8 39.80 255.55 H.60 271.14 39.8:.. 294.74 39.eC <;75.17 2Q.19 195.75 19.61 152.77 2).19 17,).33 ZO.I~ l~Z.lb D.&I l56.71 H.BO m::t 40.3R 252.61 3~ • .liG 2b&.24 ~::~~ ~~t:~~ 59.Be 259.49 S9.99 ;9.qq 343. b8 59.99 361.20 !)9.qq ,; 76.r;.e 7"9.60 476.bS 79.&0 431.10 7~.bO 459.09 79.b~ 5C3.27 79.e:( 493.'17 99.79 54~.l5 99.79 532.70 9:;;.79 557.97 10u.31 61b.6'5 99.19 be9.98 119.98 0.41.11 119.95 b30.b6 119.0e 659.90 11:'.96 721.b5 119.9a 727.49 
'VER~8:~2 .Cfig~;4t 
39.17 ,n.n 
00.44 ~la. 64 
79.7... 562.11 








AVERAGED 'CTIONS & 
~g:y~ m:~~ 
bO.18 3<3.85 
BO.~4 43&.12 542.72 
ItbJ 652.81 
99.12 5'54.42 
~O.Ol ItS4.4" 9.83 351.01 
3!i.77 m:~l 19.83 
:8:M 234.63 342.42 
80.13 .,}U.60 
l~g:U 553049 66S.3' 









59.16 m:I~ 39.49 





AVERAGED ACTIONS L 
20.07 101.65 
39.80 218.80 
59.87 m:l2 79.12 
10U.02 555.23 
119.63 b62.10 

















ACTION T. (lb/in) AND MEAN STRAIN £, (micrstn;.in) VALUES AT EACH GAUGE POSITION (s"" fig, 6,4,) 
yl &y2 y3&Y" .)'5&.)'6 .)'1 & ye y9&)'10 





LASEl. IS lion 
LABEL IS un 
ACTION STRaiN 







59 .• 99 264.12 
39.80 184.80 

































41.41 236 •• 6 
00.39 340.5B 
79.95 4"1.21 





























39.13 Ie 1. 16 
2C .15 IOu.13 
39.13 161.8a 
5q .ee 263005 
79.46 ~52.C3 
9 •• 01 441.99 
11.;1.16 532.91 






7 •• 95 512.29 
lO~ .09 692.5. 
11' •• 63 805.0~ 10 _ .~6 111.10 
7 Q .. 95 618.21 
5-i ... 82 492.co 
3q.69 359.01) 




10>:.OB 106. Z2 
11'.63 812.79 
ACTION STRAP' '(TleN ST"AIN 2C .. IQ 84.16 lC.19 67.5. 
40.3" 113.22 19.8'~ 139.,.-'-
,q.qq 253.46 5;.<}9 214.3b 
19.b{,:, 330.62 1Q.bC ZQQ-.b9 
~9.79 41B.1O qQ.7'1 3b8.q& 
119.96 5Ci3. e~ 119.qa 449.1 q 
99.71] 423.65 99.H 3b9.92 
19.6.J ~41.45 19 .. H'.J 2'B.~e 
59 .. 99 l61.19 -59.99 ,20.15 
39.8~ 181.91 3q.~: 14'3.10 
2~.tq Sb.79 2u.1'1 16.2~ 
39.RQ 111.03 39. de 144.18 
6w.51 264.0":' '59.'19 219.15 
79.bC 342.35 H.6C 29'5.46 
100.31 42'5.5{; q9.19 ~69.g2 
119.96 5~b.6E 119. ~e 449.'5 
>CTlGN 5 TO'I ~ AC TI ON ST"tAlf\/ 
2>.J.15 1\.0 1.69 2L.15 9C.C 1 
39.73- 202 .. 42 39.73 182.98 
59. sa 1( S.l::: 59.1'18 £16.95 
79 .. 4b 4(2. eq 79.4b lll.'~O 
qq.bl 499.b9 99.el 41C.71 
119.16 '598.4~ 11,,* .. 7tl Sb9. f'lt;: 
99.61 ;e9.43 ,9.61 471.t>b 
79.4b 419.47 19.4b :389.tlZ 
59.88 329.49 59.8S !':'3.? 1 
39.73 229.15 39.13 210. '53 
20.15 129.03 2v.15 it 1.14 
39.73 218.9'1 39.73 191.16 
O",.4b 311.13 5'1. ~6 £.89.11 
7:::;.46 41'-.6> lq.46 ,84.71 
9'1.61 S':'6.43 q9.Gl 41P.6 Q 
119.1' 0\...2.25 119.70 ') 74. b., 
AC r In" S TRA t N AC TID' HRAl~ 2C .13 lCC.65 2G .13 '51.8. 39.69 2L3.51 39.69 123.! 1 
59.82 3~4.31 59."2 19~. 71 1Q.95 4::'S.0; 1~.>1'j i 74 •• S 
99.50 509.13 EO.,6 35~. 3C 
119.td bll.40 1.19.tl3 441::.44 
99.5,;, 52v.4~ lcC .,"8 jtlC • .2~ 
19.Q') "26. '59 1q. ~5 ,J;JF).'J.'Z 
59.24 329.15 S9.:;£: Z 14.41 
39.6'1 235.~5 39.09 145. ~o 
2&.13 142.91 2e.13 18.42 
.P~.bg 229.99 J'i.b9 .t41.~ 6 
,9.82 325.B7 59.~2 212. ")C 
79.9:' 424.&-1 79."lS 19C .. ~(. 
HO.CH 519.59 lCO. B ';&6.18 





S TR A I N~ 
99.79 -411.12 §;:;g m:~s 
39.S0 11'0 .. 76 
lO.65 BS.19 
:8:2~ ~60.45 49.41 
79.60 329.03 
99.90 :~g:g~ 120.32 
AVERAGED AC TlONS & 
20.61 B3.14 
STRAINS 
40.19 110 .. 22 
59.99 256.50 
79.46 ;345 .. 11 
99.95 4311.62 





39.73 leo. 54 
















40.49 221. S 3 
59.93 318.22 
13\;.06 ~b;:~~ lnu.OIj 
119.63 6',,4.83 
aCTION S fRAI N a.CTIO!'tt ST~A["" ACT I ON S TP,A t-~ A(TICI\ STK41N AVERAGED ACTlQNS & STOAI"S 2e.11 111.61 20.17 148.84 2 •• 17 ISl.t. 20011 It," .. b~ 20011 122.76 
"0.34 202.61 4Z.o5 309.29 39.lt. 3 .. ~,. ]c 39.7b ~~~:;~ 40.4b 243 .. bb 59.93 289.63 1j~.'H 421.72 S9.q~ 444.03 "9.43 Sq.fH 352.18 80.10 3aT.35 6, .10 544.81 SU.1e 561.11 HT.IC 44'3.1 ;: 80.10 462.02 99.10 482.12 99.10 662.12 qq. n. 688.23 '79.7l '?4@.1"!8 qq.70 S61.73 119.81 585 .... IH.ST 184.21 119.81 eC4 .. 4:. lIS.2, 7 6,,9.14 119.98 .19.64 99.70 502.55 9~. 70 bS7.41 qq. 71., 7",l3..b1 qq.1C 'j 7th' 4 99.10 590. se 90.10 <.l6.52 8- .1C 59Z.59 60.1: 611.n BC, .. l( .. qt.. ~ BO.10 5()3 .. 49 59.36 333.43 5'l.93 485.06 59.~n HZ.!. 59.q3 4L3. 59.82 409.85 39. '1b 248.41 3~. 76 31G.1e 39.16 399.82 34.76 .iQ':i. ~ 39.16 310.31 lC;.C'Z 149.7Q 2' .11 231.11 2::'.17 l" 1.92 ZL.l1 1 qp.. 19. Sl 199.15 39.16 231.69 4:;.92 352.11 39.16 314.4tc j9 .. 1b ~. Be'- .. 4 4Q.Z3 291.13 59.93 323.10 5~.93 4bC .66 59.<13 4e5.83 ')9.93 .J 15. C 59.9] 303.30 eO.1O 415.56 e~ .10 569.12 SColD 6e".12 !iC.l;; 473. • BO.I0 492.'11 9'9 .. TQ 501.54 9" .. 70 679.50 99.1", 7(.1.54 ·n.7:,; ')74. ~' 99.10 569.88 119.81 596.28 llQ.1:!i7 795.'11 119.e7 8<1.15 119 .. ·\7 678. 119.81 694.11 eN 
-IV 
T~f3I...E C2 CONTINUED 
ACTION T. (lbl,n) AND MEAN STRAIN '!I (mic.rstruinj VALUES AT EACH GAUGE POSITION (see t.g.6.4.) 
yl &y2 y3&yti y580yE y7 & y8 y9 & yl0 
lABEL IS !Tn 
ACrO" STUIN ACTION STR~tN ACTION ST~AIN ACTION S TRA t N .CTION ST<'IN AVERAGED AC HONS & 
STKAI"S 
9.6Z 66.51 
.. 5?~~0 a8.0' 20.2e 15.31 20.20 5~. 7. 2C.2e 67.5J 20.09 70.62 4 .98 139.9-7 196.8S 4:) .40 159.47 3Q .. S3 119.'1 3q.;13 135 .. Q 7 "o.40 149.11 
60.03 l05.40 M.il) 274.91 b-:J .03 239.67 bo.61 1.1 ••• bC .,':3 2L-3.48 bO.lst ~&l:~~ 19.4" 270.Q3 79.b5 359.05 79.65 324.79 79.6') 251.~<4 7"1 eO? :;:b9.'.-4 79.65 
Ir;:u ~~~:iI 99.85 m:u 99.85 403.07 qq.ttS 325.9. ;;9 .. .;5 34: .4~ 99.95 371.20 119.4S 12::;.00 484.28 1I9.4B 394.4Q 11Q.4. ... I).SIS 119.59 41,b.34 
99.28 3 .. ~.33 99.85 453.01 99. B5 .. oe.ol 99.85 330.92 Gi9.8':1o 339. <;'j 99.14 374.97 
19.65 274.89 79.65 372.83 79.bS 329.80 79 •• 5 256.5b 79.b5 ,7b.: ;.) 79.65 302.22 
60.03 211.35 59.45 284.83 6C.03 259.36 59.El1 168.1. t:~. \:3 ;:'\,.i~. Sq 59.bS m:~~ ~~:~~ 139.03 ~3:i6 195.83 39.83 174.27 ,9.83 12th 5:, 3<1.".3 137.16 3Q.71 71.4b m:g~ 2':).20 89.14 2C .. 20 .5.77 2';.lJ 71. '>8 ~O.20 BO.56 39.63 135.07 39.83 3<;1.83 H.7.39 39.83 12b.42 3Q."D 13A.I (; 9.83 150.60 
~~:~~ 204.51 6-0.03 275.05 or.03 245.5Q 6j.iB 1<lt,.9') be.-) ;:tb.bu ~~:~~ m:~~ 272.99 79.b5 356.25 79.65 327.84 19.6') 2b'" ."'5 7'1.65 47~'0 ~1 
99.85 344.39 '19.85 442.35 H.85 408.08 H.B' 334.9, ,9.85 '341.4H '19.85 375.45 
120.06- 417.75 119.48 527.48 119.48 467.35 119.48 402.5,' 119 ... e 419.9(; 119.59 4'>0.99 
lASEl IS Ian 
ACTIO!'! STRAIN Ag!9~ SUAI" ACTION STRAIN ACTION S TRA I N ACT l{l'N ~ T;;'A I N AVERAGED AC T10NS & ST!{AINS 19 .... 76.32 6b.53 20.21 bB '05~ ZC .21 73.3S 2(.21 84.14 zo.IO 73.77 39.85 Ib4.38 40.43 138.96 41.59 14b.aZ 4~ .. 43 14A.7b 3'1. B ~ 164.3-; 40.43 152. bO 60.07 m:~t 62.9b F!>'17 0:1.01 215.34 oe .C1 221.1" be.:1 2:44. til, 79.70 79.70 71.90 bO.64 23~'0 ~6 19.70 zaa.15 Be .2'3 Z9 1. 63 7~.1{j -52.? -1"; 19.82 302.17 9<).92 417.78 99.92 351.27 99.92 365.07 99.92 "1.27 ,9.'lZ 4C1.!4 119.56- ,03. B7 120.13 424.63 12',.13 .41.3A 119.5. 435.41 11Q.,-:)b 417 .. 1.2 99.92 377.30 119.19 45e..54 ;~:;6 436.33 qq.Q2 m:!6 99.92 312.86 9Cl.92 356.17 qQ.~2 4':..'4 .. • 99.92 39~.l1 359.99 79.10 19.10 3UO.42 &C.2. 2~5.40 7"'.7e 32P. 7_ 79.8. 314.b3 60.07 282.66 59.49 222.03 6-:'.07 236.77 6C.0 7 22b.93 ,C. 1 ,52.;-8 59.95 244.15 39. as 201.41 39.85 143.75 B.85 Ib3.33 3<).85 1 ~6.44 39 .~5 1 B 1.' 1 ~~:n 115.32 ~g:H 92.09 2~, .21 aBe Q4 26.21 ~n .. c" 20.21 It,2.l,-t; 39.85 109.37 199.bS 20.21 94.41 145.09 3>.S5 153.5' ,9.85 1 S~. 51 39.1:'5 176.' 4 39.A5 103.10 60.07 270.88 00.604 216.07 6" .07 2250.96- 60.G f 221.02 be.:.. 7 l'4P.4t: 79.10 bO.18 23b.88 3,.8.16 19.70 284.58 
.' .2e 3(\1.30 6(1.28 2q~. 3")- 71:1.10 ;;27.to 9 1"1.94 m:H 99.92 42b.41 99.92 357.94 9".92 372.71 99.92 363.81 ~9. '-l, 4(,7. ~ q 119.56 5Ci4.04 119.56 429.33 99. 9 2 11 l. 56 .. b.CS 119.56 " 3&.le 11 ~.?b 1.!l3.19 119. ,6 4;9.88 
lASEl IS loVY 
':'';TICN ST~AI~ AC HON S TRA IN 'CTlON STRAIN ACT lUN STRAi " ACT I:":.; ::, If', li I~' AVER.GED ACTIO", • STRAIN! 
19.56 60.65 20.13 78.28 20.13 94 .. Bo ZC.71 l\.~.n3 2C.13 7~ .. 27 20013 a3.54 
39.69 127.2" 39.b9 169.33 4_ .604 2l5.H 3:' .. bY 216.2' 39.v9 l49.74 3<).Q,2 175. ;5 
S9.82 19'3.b1 59.204 262.35 59.2' 317.00 59.82 :33..:.17 :;9.82 7.23.20 59.59 206.40 
lag: ~~ 27,.98 79.95 363.21 79.95 425.63 79.95 445.3 79.";, 3':2.'1 80.06 3b2.53 3b8.q4 99.50 4,8.19 9>.50 S25.45 99.5. 540. Z6 ~9.')( :HP.'1'': 99 .. 62 4S4.35 
11 9.63 0412.06 119.63 562.00 119.b3 6)0. I' 12(:.78 b I ~.4~ 119 .. 03 ~ol. 1 7 11".6b 54q.2q 
99.50 405.15 99.50 4S0.77 Q<.:).51J 54b.CO Gl'1.ss 534.35 9:'.'>0 .JP~. fB 9 0 .S0 471.01 
79.95 335.67 79.95 3n.58 1'.95 467.71 79.9, 104&.2'3 79.'~5 ,17.35 79. '15 ~&~: ?k ~9. 92 i:*i:H 59.62 305.57 5'l.82 370 .. 8 .. 59 .. 24 3.r.'1.3t; Sq.~2 250 .. '10 59.70 3q.69 39.b9 211.58 3':;.b9 268.10 39.69 2S1.51 3Q .("q lS( .. 'iC 3q.69 220.85 
HII.4l 117.41 20.13 118.54 2, .• 13 14a.72 2u .13 Bh.C; 2.:; .13 1 tfl. (9 19.71.;1 125. S9 
;~:U 1 Bl.00 40.A4 202.73 3"1.69 244.6~ 39.6'1 230.94 3~ .{;g i 72.42 40.03 ~96. 34 246. ~a 59.82 282.06 5~ .. 82 344.it2 59.92 33(. .. 7F! .,9.1-<2 24C. '1 59.62 88.77 
79.95 :nb.u5 71.;1.Q5 376.03 79.95 448.14 79.95 421.;1. b4 79.'15 jl"i.41oj 79.95 377.07 
99.50 391.41 99.50 468.12 <19.50 543.01; '1'1.50 523.6< 9'1. :" ... i ~7. -;3 q9.50 462.83 
119.63 472.63 119. bJ 565.09 11".63 64',.;.92 11 ~ • ..,j 61'>.04 11 '1." 3- .. 67.r~ 119.63 5SZ.31 
LABEl IS 20VY 
AC TlO>! STRAIN AC TION , roAI N :"CTIO"4 STKAI"4 AC r ION STkd I r. t.CTlUI'\ S T?A 1\1 AVERAOEO ACnONS ~ STeA INS 
19.00 104.68 ~O.15 113.51 20.15 118.44 ZC.15 104.b9 2".15 AI. Z' 19.92 1[;4.51 
~;:~~ 2IB.18 4 .30 244.b5 34:.72 251.50 39.12 2.21. D6 39.72 172.25 39.8. 221.53 333.bb 59.81 355.25 59.81 319.b5 ~9.87 34S.Z'i .,<:;.S1 t6'.21 59.87 335.61 
~~:~~ 444.29 61.H .4 74 .. b9 e\.. .02 4-84 .. 31 80.1j2 4;2 .. ?:7 80 • .,2 1 be .13 80.37 10]43 .. 26 ,,3'1.25 qq.5q 559.89 9'~ .. 59 51H .. 14 bl.32 5Sb.53 ".59 144 • .('9 99.94 "6.22 
119.14 b41.09 111.;1.74 658.79 12:,.89 bBe .99 11 9. 7. 641.6.:- 119.14 :.31.4 C 11 9.97 b30.75 
99.59 :"::173.55 q9.59 561.37 Q:'.59 bCb.54 q9. ~9 570.21 Q9 .. 'i9 4l;.C.96 99.59 559.73 
80.02 500 .. 17 80.02 51b.91 8:.02 534.15 8':.'::,2 4<j6.a'"" 80._ 2 ;",11.37 "0.02 489.09 
59.81 422.82 59.30 432.73 59.87 4S 7.63 59.~7 422.52 SQ .. 87 320.99 59.76 411.ge 
n:~~ na.bl 39.72 3048 .. 53 B.72 371.71 39.72 340 .. 31 39.72 2?f .. 45 ]9.72 331.14 232.81 20.15 236.86 1 •• 57 2b5.10 2" I, 237.L 2C.15 11C .. 1(.. 19.57 2Z9.56 
39.12 317.Se 40.30 321.04 39.72 347 .. 24 3'h72 314 .. Q4 39.12 2}4 .. "! 1 39.84 3(,7.20 
59.Sl7 40,0.09 59.37 .. 08.18 H.S7 434.27 59.P7 3ge .. 03 ~9 .. &7 31.. 8. C e 59.87 3Jj9.17 
80.02 480.34 60.02 494 .. 30 8:."2 521.2~ 80.(2 486.02- ~t." 2 -H6.:,7 I'i(}'02 473.71 
99.59 557.69 100.11 516.63 9~ • .,9 b04.39 qq.,;);! 5be.14 S9 .. ;;'Q 459.~1 Q9.7l 553.16 
119.14 "'4.61 119.74 656 .. Q4 11'}.74 b87.49 1.19. 74 b4:t.2~ 119.74 ")39. L':t 119.74 63>.55 
w 
-W 
IAI3LE C2 CONTINUED 
ACTION T; (Ib/ln) AND MEAN STRAIN ~ (mir:rs!l'Uln) VALUES AT EACH GAUGE POSITION (see> fig 6.4.) 
y1&1'2 y3& y5&yS y7 &y8 y9&yl0 
UlIEL IS lin 
~TRAI" ACTION STRAIN 'eTlON STRAIN ACTION Sl'RA{N ACTICI\ S TRA IN AVE.'GED ACTICNS & STRqNS 3 4.&0 20.13 73.43 20.13 15.3b 2e.l3 64.~9 le.l3 5b.1S 20.13 64.9>;:1 
114.45 40.26 152.74 H.6S 154.63 39.68 134.0A 39.be 114.5:; 39.80 H4 .os 
m:it 61).96 229.10 59.81 233.90 59.81 2C5.53 '9.81 115.11 bO.O" ;.37 79.94 29b.Oo 19.94 311.23 79.94 276 .. 9A 79.94 2l9.2~ 7q.94 ~n:H 294.48 99.49 368.15 -9q.49 3Sb.57 99.49 '34~.47 99.49 197.49 9'1.49 
351.10 119.62 41.1.56 11').62 463.81 119.b2 420.82 119 •• 2 ~"2.'· 7 119.b2 409 0 09 
306.t9 99.4q 374.05 99.49 390.48 9B.31o 347.42 9~.4q 298.'03 H:U m:u m:~i 19.94 306.50 79.94 H9.03 79.94 28:;).7e 79.94 238.71 59.23 233.0b 5'~.81 H4.63 ~9.81 215.21 5~. 61 .L 74.1e 59.69 f0 9• 41 
120.29 39.08 153. T7 39.6B 167.:31 39.68 14b.75 3t;hb8 114.41 39.68 40.50 
lr~:~~ 19.55 72.49 20.13 85.10 2,j.13 75.31 2C.13 51.80 H:~~ I~::n 100.83 150.80 3";.b8 IbiJ.44 39.bB 14;:' .. 86 39.oti .1.12.4:) 
178.99 5q.~1 223.2. 5~.81 235.79 59.81 212.3_' S9.B 1 173.1C 59.81 204.b9 
238.67 79.94 2n.77 7~.q4 315.0' 79.Q4 279.63 7Q.'J4 £)4.13 19.94 m:~~ 2919.35 99.49 360.31 99.49 386.46 qq.49 )48.31 <;9.49 2q4.41 99.49 
360.<)5 119.62 431.bb ll-1.62 4b2.71 119.62 102C .. 7C 119.62 158."1 119.62 408.21 
lABEL IS 22YT 
AC!~~~7 H~HN ACT!C>! S TRA I N ~~;IiN 46;~~'\P.J ACT leN 5 T!:I.A 1 'J ACll, N S,TRAIN AVERAGED ACTIONS £ STRAINS 20.11 5').Fi:4 2e.17 62.-,9 2(.17 81.2, 20.17 62.aO 
40.34 152.55 39.7b 109.51 4,.34 1(14.71 ,q.lb 122.2" 3'1.76 101.43 39.99 130.09 
~a:8~ 226.86 bO.50 177 .al 5'1.93 161.48 59.93 18.2.92 5Q.'.J3 .::.37.-10 00.27 197.21 296.26 80.09 235.7e 8H09 219.24 8Q.':'Q 243.58 80. ,9 >14 •. 9 80.09 2~':H 9q.b9 307.03 CJ9.bQ 298.29 qg.b9 27b.02 99.69 3C5.22 99.b9 ;91.41 99.69 ~q6.40 120.'-3 44Z.91 119.85 3b4.79 11. ~ .85 337.70 119.85 30b.87 119.~5 469.72 119.97 
Q''9.~ 379.38 99.b9 300.24 qq.69 280.95 99.69 3vb.22 99.09 395.'1 99.69 332.23 
S()'09 31Z.88 8D.G9 240.58 S .09 224.21 Be .C9 255.37 80.:19 ;23.'16 80.09 271.40 
59.93 241.51 59.93 laO.94 59.93 163.57 ':)9.93 1".7:.: 59.'13 291.44 59.93 Ht:~§ 39.76 166.20 39.7b 117.39 )'1.18 10b.84 39.18 137.00 ](h76 tt21.14 39.53 
lS.AtIt 83.16 20.17 55.ea 2H17 53.98 2c.17 79.34 20.17 140. "19 19.82 92.6; 
:8:~A ~59.43 39.76 iU:U 3~. 76 107.81 H.70 \38.04 39.7b 215.27 39.99 146.42 31.80 59.93 5'1.93 166.55 59.93 194.81 59.93 291.63 60.04 212.16 
81.92 309.04 80.09 237.7t SJ .09 226.28 8(.;.09 250.41 e). :'9 309.90 80.44 279.90 
100.26 372.59 99.69 298.41 9Q.b9 283.0. 9Q.b9 31b.17 ii9.!.lQ "1.43 99.BO 342.33 
11 9. 8S 440.06 11'~.R5 363.95 11 }.e, 34'j.76 119.B' 3el.7) 119.05 "18.7B 119. B 5 'tIli.OO 
USEl IS ,j:3YY 
aC T!ON STUIN ACTIO>! STOAI' ACTIO'" STKAI~ ACT ION S TRA IN ACTI'.N ST"'IN AVEKAGED .,CTlONS & sr<A!NS 3~~~~2 74.)7 2J.12 Itb.G4 ZO.l< 66.5. 2(.12 71.33 20.12 66.50 20.12 66.18 149.10 40.20 91.92 3'.67 p3.12 39.6" 1105. F32 39.A7 141.90 39.113 133.69 59.19 222.ce bO.30 15'''''8 59.79 03.55 59.79 211.37 59.79 219.1. 59.90 m:~r 79.91 291.50 79.91 212.'2 1:}.91 274.95 79.91 2113.17 79.91 L 93.')5 79.91 m:~~ 363.86 100.iJ! 2H.O' 10 .• C3 346.33 lOO.C3 3')0.21 lI..C.w'3 ,>69. ~ 3 100.03 341.07 432.31 120.15 336.67 12: .15 419.67 119.57 411.74 119.;7 444.14 119.80 m:5~ 99.45 314.56 100.C'3 284.64 10;.C 3 35b.07 100.03 3.,9.C4 leL. <~ 3 BO. 53 99 .. 9 t 19.91 312.91 79.33 221.10 7q.33 25b.56 79.91 Zq2.5{ 19.1"Jl 313. ,2 79.68 m:~5 59.79 .249.31 59.19 172.29 58.b4 22( .07 59.79 230.86 59.19 245.49 59.50 19 • 67 175.93 39.67 115.52 :H.67 15~. 49 39.C'1 Ib3.~~ 39.67 174. \6 ~9.55 1'j6.87 9.40 89.8b 2C.12 5q.7Q 2, .• 12 65.08 n.12 go.B4 20.12 95.~2 9.78 65.46 ~9.67 lS8.3Z 39.b7 109.01 3:').67 145.70 3'1.6.1 159.42 39.67 103. iO 39.b7 147.27 
·9.79 ~26. 75 59 .. 79 164.42 59.79 21;:;.24 60.3t: 220.9; 59.19 13C.1f! 59.90 2B.82 79.91 90.1b 79.91 222.16 H.91 277.1C 79.91 292.41 N.n ,,99 .. 25 79.91 217.53 100.03 361.05 lOO.u3 Z81.~5 U,}~· .. C3 345.14 100.G3 3:;7.91 ICO.,3 30'1.04 100.C3 343 .. 24 119.57 435.98 H9.51 339.60 ll"?57 411.b2 119.57 421.4~ 119. i) 7 44C. 2 119.57 409.73 
LAeEl IS 24n 
AC TlON STi\UN ACTIO'"' STRAP'; .'\,CTION Sfl'\A IN ACTIGN ~ T~'d N "G TI L~ S T {Al~ AVERAGED r,CTIO~S G ST~AINS 20.16 109.66 2(,.16 n.2S 20.1b 89.05 2(; .l!'l H. 3.7:3 2C.lt IH.4e 20.lb 99.24 39.14 231.0 40.31 163.36 39.74 119 .. 0b 4").31. 1~~.c3 39.14 <21.17 39.97 198.65 ~~:5i 332.B5 59.32 241.63 5'1 .. 32 26~. 26 59.q~ 27~ .. 8-:;> 5c;.+", 3-':'9.24 59.55 284.57 
.. 3'.03 BG.;;5 326.71 es .. cl!w 3'7.3n 80.(,5 3)9.C6 BCi.: 5 ""\..2.(> 1 80.05 374.19 99.b) 527.65 99.b3 407.·n 9~.63 426.52 i1.b.3 435.31 ~~.63 484.42 99.63 45b.37 119.79 b26.i)1 119.79 493.92 lH.n 50 e. ~6 I1Q.79 511.66 119.7Q ?f:,1.b 2 U9.79 541.b1 99.63 ;03.8$ q9.b3 43~.24 9i.ed 41t9.CO 99.~3 4"1.Q,,? <.t9.b3 :;.(,,4.·2 99.63 4S0.83 80.05 495.37 BO.C5 371.67 e:'.05 m:~i eO.O~ 3t=7.42 SO .'~ 5 431.4'1 BO.05 416.64 59.32 422.91 5~.3Z 29S.U 5<1.32 59.32 316.99 ,9.32 301.15 59.32 3 .... 3 
n.43 344.55 39.74 234.73 3').74 261.17 3t;.74 24B.Io~ 39.74 (~fib. 71 39.28 275.1. lO.73 211.93 2~.lb 159.42 2~ .Ib ISb.S2 2J.10 160.31 2J.\0 1ge.69 20.21 196.63 40.9Q }40.20 39.74 218 .C9 3'9.74 2 .... 52 39.74 23:'.8., 3q.74 -'.71.' Ii! 39.91 2bZ.1~ 59.3Z 41Z.13 59.00 282.61 59.32 305.14 59.32 Z'i9.31 59. ;2 344.47 59.43 326.85 80.6) 495.87 SO.C5 353.01 B: .05 372. b2 e(;.c; 3013.75 e\". ~., 422.17 80.11 4\)2.bO q9.b) 506.22 99.b3 421.45 9'.b3 438.12 q~.b3 431.19 -;9.0) 490.10 99.b3 472.23 W In.n 6"'4.49 119.79 49b.71 11'1.79 509.'~ 119.79 5L 7.59 119.79 :..14.43 119.H 546.54 
--. 
po 
TABLE C 2 CONTINUED POISSON RATIO MEASUREMENTS 
STRAINS ARE MEANS OF THOSE OBSERVED AT POS! TIONS xS.>t6 AN!l.- y5,)'6. 
LABH IVX lXV ?YX 2XV lVx 3XV 4YX 4XY 
I<IDTI't 7.52<0 1.b9Cj 7.sa6 7.bC8 7.616 7.65Q 1."S2 7 .641 
GRADE Q.5427 O. S4Z7 Q.645q O.64SQ 0.7223 0.7H3 0.7845 Q. 97~S 
£.x Tllt Ey T2't Ex TV! £y T2'1 C. Tllt &y T21t IIx T,.,! £y 
14.7 -~O.62 36.2 -3q.72 :>.9 -P'O.38, 31.4 -39.56 5.9 -1'.'3 -1.~ -40.'5:4 a.3 -80.03 -10.B 
41.1 -160.09 n.5 -79.44 11.7 -159.5. 54.8 -60.29 11.7 -159.81 U.7 -79.?I 13." -1"0.0. 1.9 
&5.-6 -239.55 101.8 -12D.3.3 20.5 -239.96 6(';1.4 -11q.8b 10.6 -2.3Q.RC 26.5 -120.45 21.4 -240 .O~ 1.6.6 
.';;';Q-HQ.17 134.1 -160.05 2q.3 -320.34 q2.q -lbO.S9 23.5 --:Hq.74 4~.1 -159.B, 35.2 -320.12 34.2 
112.5 -39t1.e.4 Iel .... -199.77 3-:;'.1 -'3-9Q .. 5 5: 115.;} -2CO.15 32.3 -3<;(').67 t:7 .. 7 -2COol6 :~:A -400.14 ~~:2 133.1 -£.80.76 1"2.B -Z3Q.4Q 47 .. >t;t -47-Q.q3 In.R -2~q.71 41.1 -47q.bl 8e.2 -239.74 -48"0.11 
113.5 -3QQ .. 601t 164.4- -19°.77 38.1 -3<'.:;Q.CJ'5 115.2 -zcr.lS 32.3 -39 •• 67 7C.Fl -2CO,,3~ 41.1 -4CO.loG, 58.7 
f~:! :m:u 136"O -160"r:"5 3l.2 -320.3' 9R.7 -1_C.55 23.5 -'HQ.14 53.0 "l'iq.'H 31.3 -nO.12 42.1 07.6 -120.>3 24 •• -23Q.96 75.2 -119.P6 13.7 -239.80 37.1q -120.45 < 2, •• -240.09 26.4 
36.2 -!f,r.09 N.3 -79.44 1b.6 -lS •• S9 49. lit -80.29 7.8 -1'59.87 23 •• -7.';1 110'1.6 -160.0b 9.S 
7.~ -1Q.'47 49.: -3q.72 12.7 -~O.3a 2C) .. 4 -~9.56 2.9 -7q.q3 9.' "40.54 10.8 -60.03 -1l.7 
3b.2 -l~O.Ot;. 8(\.3 -7"'1.44 IB.b -159.59 53.~ -eC.Z9 B. P -159,.1;17 22 •• -79.91 19.6 :m:8~ 3.0 24 .. 4 -239.9b 75. j -119.B6 13.7 -2'3Q.8C 4c.2 -12n.45 27.4 20.6 60.1 -23".55 lCq.b -12C.H 
@7.1 -3Zt".17 14('.C -1M'; .(.S 33.2 -320.3' 96.13 -lb{i.58 21.5 -3V~.14 56."l -159.8:1 31J.2 :~~8:H 37.2 106.7 -39'9 .. 64 -191:).77 41.0 -399.55 119.2 -2eO.15 28.4 -3qO.67 73.5 -200.30 43.0 57.9 
127.2 -480.2h 
161.3 





WIDTH 7 •• 55 
G1O.AOE o.gael? 
T211 'x 
-40.52 7 .. ~ 
-79 .. £49 14.7 
-12CJ.4-Q 21.6 





-~~~:~ 2b .. 4 22.5 
-40,.52 17 •• 
-79.e8 24.5 
-120 .. 40 30 .. 4 
-U<;I.77 }S.l 
-2eQ.20 41.1 
-23-:;' .. ~S 41.0 
ou 
1.627 
t:" .. <;;SS'il 
Tl't Ey 
-80. tA 2"-- .. 5 
-1t..-C-.35 33.i 
-24;;.5'3 44.9 




-31~."4 62 .. 5 
-24l.~3 S5 .. e 
-lISC .. 35- 4'b.B 
-,~O.lS 39.G 
-160. .. 35 47 .. F< 
-240 .. 53 "e .. e. 
-31CJ .. '54 ";.4 
-3Q~. 72 77.2 








-4:) .. 41 •• 8 
-79.et; 1~.7 
-1Z: .(',7 I'~.b 
-!t::C .48 B.5 
-1;;;9.14 27 .. " 
-24:).1'5. 31.3 
-i~o .. 14 ,6.4 
-1~C ... 4;l ::'4.5 
-12('-,.,:7 20.5 
-79.b6 1 S. 7 
-,,"C.41 11.7 
-79.&~ 17.6 
-12G .. :1 22.5 
-1~0 .. 48 27.4 
-1 >:;Q:. 74 :n.3 
-24(;. .l~ 30.2 
l'='~Y 
7 .. 616 
1 .. r':2Zl) 
Tl't E.y 
-8('l.29 11.& 
-16~ .'i8 :U.3 
-239.71 43 .. 1 




-32!J.()1) S2 .. :;J 
-230 .71 43.1 
-16r .. 58 '33.3 
-BO .. 2Q 21.5 
-lbO.58 35.2 
-23t; .. ""t1 46.,-: 
-320.vc S~ .. A 
-4t;!P .. 29 64 .. 15 
-48~ .51? 79.3 
11 YX 11 '.<y 
7.6'10, 1.64( 
1 .. 0544 1. C ~44 
T211 !:x Tllt £y 
-4C.34 2.~ -130.04 24.4 
-7Q .. 52 6.9 -16c .. ce 52.~ 
-ll".as 9.8 -240.12 70.5 
-1~O.1£; 12.1 -32C.16 gf).2 
-1~q.'37 15.7 -4an.20 lei."· 
-239.71 18.6 -4~O.24 117.0; 
-159.37 14.1 -4:C.2C If'J3. po 
-1.~.19 12. 7 -320 .. 16 ciIl;. .. l 
-11'1 .. 85 q .. R -24c.12 76.3 
-7~. 52' 6.9 -lM)'fJS 5~ .. 7 
-40 .. 34 3.9 -IW .. 04 4l.C 
-N.52 7. ~ -l~C.O" e,3 .. 6 
-119 .. E5 10. B -240.12 B2.7 
-1t;C.19 1.4 .. 7 -320.16 98.9 
-199.37 L 7.b -4"C.20 111.6 













-120 .. 53 
-19.!:'H 
-40 .. 56 




-239 .. QC 
12YX 
7 .!}t:; 1 
1.09' 2 
TZIt !x 
-4'] .. 46- 5.9 
-1'J .. 7b 'i .. e 
-121J .21 12.7 
-159.S2 1 '). 7 
-LQq.'n 17 .. 6 
-24n.43 1 <1.6 
-1C;9 .. ·;n l{ •• 6 
-11}9 .. 52 13.7 
-12Q.21 ,.2 
-7"1.76 7 .8 
-40 .. 46 3 .. Q 
-19.7& '( .8 
-12D.21 11.1 
-159.;2 14 .. 1 
_1qq.rn lc..b 








-319.96 56 .. 13 
-400 .. 24 6'1:.b 
-479.36 82.3 
-4~lC. .24 73.5 
-319.9t: b3.1 
-239.611 ~2.9 





-4tJQ .. 24 71 .. 4 
-479.3" IIjq .. 2 W 
-" 
(J\ 
TABLE C2 CONTINUED- POISSON RATIO MEASUREMENTS 












17.b -1&0.37 47 .. 9 -7£1'.&8 b3 .. 5 :m:j~ 
-lq9.79 
-240 .. 21 
-19q.7q 











i~:~ :m:~~ 78.2 90.9 35.2 -3q9. 1 
42.1 -479.96 103.0 
93.3 37.2 -399.71 
33 .. 3 -319 .. S?; l::I'l.l 
27.4 ""239 .. 40 6t!.4 
23.5 -16010:3,1 52.8 
15.b -13'01019 35.2: 
23.5 -1~1).31 52.8 
6':1.4 29 .. 3 -239.LO 
£130.1 3'5.2 -319 10 58 q6.8 40101 -39q.77 




T2/t Ex lilt £y 
b~Bl~ 21 YX 21'(Y 7.684 7IObe:.s. 
GRADE 1.5342 l.S342 
12ft 4x lil! &yTl 
-40 .. 37 5 •• -7G.1Q 15.1 
-7q.~e 1('0.8 -1SQ.Se 28.5 
-11'9.95 Hh6 -240.52 3R .3 -1~0.32 ;21 .. 5 -320.31 40.1 :m:~6 25.5 -400.10 ~3.q 29.4 -479.89 62.7 
-19Q.53 25.5 -4{10 .. 10 55.9 
-lbO.32 22.5 -320 10 31 51.0 
-llQ.9S lE.b -240 .. 52 43.2 
-7-q.56 14.7 -15{) .. 5e 34.4 
-40.37 lO.1! -7~.1~ 2".5 
-79.58 1').7 
-159.58 37.3 
-119.95 19.b -240 .. 52 4{:; .. 1 
-160.32 23.5 -320.31 54 .. 9 
-199.5"] 27.4 -41)0.11"1 ~1.8 









4.Q -159.61 18 .. 1 
avx 
























-479 .. Q9 




































-4CO.26 49. ~ 
-4ac· .. ')8 51.1 
-4Ce, .26 t.Q. ~ 
-319.28 42.0 
-239.46 33.2 
-159.6 4 24.4 
-19.ll' :2 15.6 
-15{) .. 6 4 21:' .. ~ 
-23<';.46 3~ .. G 
-319.2e 4e .. ~ 












-159.95 41 .. 0 -19.54 
-119.89 p .• -239.93 54.7 
-16-0,.,23 7 .. 1 -319 .. 91 70.4 




-11 <:;I. fJ9 ll.e 
-1 Q .54 5.9 
-4r·.3'i -17.1 



















-2(0.45 9. B 
-1o~.13 .. " 
-1l9 .. fH B .. p 
-19.40; 1.8 




-2(e .45 11.1 
-239 ... 62 13.1 
-479 .. 86 lel.1 








-3Q9 .. ea le3.1 







1.b8 v B 
"lilt t;y 
':7Q: $3 i .. -9 







-4CO.?1 U: .. 5 
-320.48 11.6 
-239.49 1 .. 7 
-159 .. bb 5.' -1~.83 4.1? 
-l"iQ .. 6b ".7 
-23'11.49 12.~ 
-?2G .. 4B 11.15 
-4('0.31 21 .... 























TABLE C3 DATA FROM SHEAR TESTS ON MODEl ELEMENTS 
ACTION Sit (psi) AND STRAIN "/fxy (microstrainj VALUES AT EACH INCRf:MENT 
ELE.E~T NO ISS MODLLL.S 0 .. 5427 GLUEC AND NA r LEO 
ACTlON Sir 20.0 40.0 60.0 80.0 100.0 120.0 100.0 80.0 60.0 40.0 20.0 40.0 60 .. a ao.o 100.0 ACTlO~S/T 120. a 
STRUN GXY 1 '16.0 409.0 ~49. 7 ·71i. S 913.8 1165.8 S90.9 783.9 5131.'1 368.8 129.6 349.7 546.1 764.9 1203.0 934.6 
~,kir~NI~N~AT~E~N 3 MODUluS 0.6459 GAUGES CL IPPEO IN TENSICN DIRECTION CNL Y 4.B 7.2 9.6 12.0 ACTlO~ SIT 1.6 3.2 6.4 10.4 13.6 14.0 10.4 6.4 4.8 1.6 ACTION SIT 14.0 16.0 18.0 20.0 22.0 24.D Z8.C 30 .. 4 32.8 36.0 0.0 1106.0 11.4.2 STUIN GXY 6.0 20.1 170.6 564.1 1150.2 1174.3 §+~~:~ !~r,:~ ~~I2:1 10C1.6 1029.7 1067.R STRAIN GXY 1220.4 1658. (I 217'}.9 2734.0 3416.6 4089.1 10069.4 b~;73.9 
~LEMEr-n ~o ,SS MOOCLUS 0.7221 
NAILS IN PATTER\! 2 
ACTlON SIT 1. b 3.2 4. B B .0 13.6 11.2 8.0 4.8 1.6 0.0 2.4 4.8 7.2 10.4 
'CTlON SIT 13 .. b 11.6 21.6 25.b 33.6 21.6 13.6 6.4 0.0 
STRAI14 GXY 4.0 3001 r!2. ') 2'58.9 853.0 643.0 1'0.6 130.6 638.3 576.1 584.1 622.2 67Q.4 752.7 
STRAIN GXY B65. C 1752.3 3C1S.1 4851.7 10t:)52.3 10825.9 10486 .. 7 9810.3 8555.8 
ELEMENT NO 4SS MODLLUS Oso9765 
NA [lS IN PATTERN I CuT FP.O~ fORST fJ"l E LEfJENT 
ACTlnN SIT 1.6 3.2 7.2 8.0 9.6 10.4 B.O 5.6 3.6 1.6 0.0 2.4 4.0 5.6 B.O 
ACTlON SIT 9.b 10.4 12.8 l4 .. 4 
STRAIN OXY 6.0 16.1 271.0 445.6 1051.9 1531.7 1521 .. 6 1513.6 1497.5 1477.4 145q.3 1467.4 1479.4 1493.5 1513.6 
STR'IN GXY 1531.7 1561.8 3709. B 6998.0 
EL El"'ENT NO 5SS MODcluS 0.8400 
ACT1C~ SIT ,,0.0 40.0 60.0 90.0 100.0 120.0 100.0 80.0 60.0 40 .. 0 20.0 0.0 20.0 40.0 60.0 ACTION SIT 80.0 100. c ::'2C.G 
STRAIN GXY 178.6 453.1 731.C 1;)10.2 1317.s 
S TR. IN GXY 1060.1 1369.4 1634.6 
1008.5 1449.9 1146.6 957.9 666.0 367.4 02.4 259.0 515.9 7BIo0 
ELE~ENT NO 6SS MODUL uS O. B77e; 
ACTION sIr 2.0 6.0 8.0 11.0 11.2 8. a b.B 4.4 2.0 0.0 2.0 4.4 6.4 
ACTION SIT B.8 l3.Z 14.8 16.4 23 .. 2 839.0 667.1 STRAI N OXY 16"J 116.3 258. B 666.2 10<5.6 S97.5 ~67 .4 ~29.2 96~. 0 808.Q 814.9 
STRAIN GxY 917.3 1029. b 1121.9 1b33.a 3695.5 
fLE~ENT NO 755 trO:il'LUS 0.9167 
ACT lON SIT 2.0 4.0 b.O 10.0 11.6 7.6 5.6 3.6 I.e O. C 2.0 4.0 6.4 AC T lC"1 SIT 6.0 lC. C 11.b 16.0 19.2 STRAP; GXv 22.1 be.2 13i:l.4 b14.C 1001.3 967.2 939. z 905.1 657.0 800.6 816.9 841.0 671.1 STRAiN GXV 901.1 9'57.3 1,)1$.4 2416.4 4233 .. 0 
HE"ENT NO ass MODULUS 0.i511 
!lCT J O~ SIT 2.U O. B.G 9.6 8.0 0.4 4.8 3.2 1. t C.O I •• 3.2 4.8 ACT l')N SIT !>.4 9. 1l .. 2 14.4 16.0 STRAP .. GXY -26.1 '10. Yl'; .. 3 9ZQ .. 2 '323.2 903.1 675. C 1;l4C.9 798.7 75C.6 762.6 770~ 7 7<10.7 S TRio I ~I GXY .. 12 .. 3 f<..jI,3. l441.1 40130.7 7134 .. 0 
TABLE C3 CONTINUED 
ACTION SIt (psi) AND STRAIN 'ixy (microstrain) VALUES AT EACH ~EMENT 
E LEYENT ~G 9S5 MCOIJLUS 0.9889 
ACT ION SiT 20.0 40.0 60.0 80.0 100.0 120.0 100.0 80.0 60.0 40.0 20.0 0.0 20.0 40.0 60.0 
A¥Jl~~ ~,~ 80.0 ~OO. 0 120.0 284.7 98 .. 0 953.4 1307.0 179(.'0. " 2301.0 2116.3 1861.4 1520.0 1148.S 515.9 307.1 493.8 811.0 1208.5 
hRAIN GXY 1608.1 2003.8 2478.0 
ELE.ENT NO lOSS MDOULUS 1. 0220 
ACTlON SIT 2.4 4. J 6.0 8.0 10.0 14.4 12.0 9.0 7.2 4. B 2.4 0.0 2.4 4.6 7.2 
ACTlON SIT 9.6 12.0 14 .. 4 10.0 20.0 24.0 28.0, 36.0 509:. 5 TRA IN OXY 32.1 60.2 124.3 224.6 361.1 826.6 798.5 758.4 718.3 65801 581.9 491.7 547.9 594.0 
STRAIN GXY 602.2 736.4 828.6 <;)49.1 1854.4 2829.9 4263.2_ 7326.5 
ELE"ENT NO I1SS HOOUlUS 1 .. 0544 
~CT ION SIT 2.0 4.0 6.0 S.O 12.0 10.0 B.O 6.0 4.0 2. C 0.0 2.4 4.0 6.4 
ACTION SIT B.O 10. C 12.0 14.4 22.4 26.4 983.2 849.1 a05.0 742.8 756.8 774.9 815.0 STRAIN OXY 32.1 bG.2 140.A 307.1 935.4 929. :3 907.3 
STRAIN oxv 853.1 89'3.2 959.4 1605.e 6178.1 9348.1 
ELEHNT ~o 1255 MODULUS 1.0952 
ACTlON SIT 2.0 3.6 5.6 1.2 8.4 1.2 6.0 4.4 2.a 1.6 0.0 1.2 2 •• 4.0 
ACTION SIT S." 6.8 a.4 10.0 STRAIN GXY 10.0 46.2 200.7 '5>86.1 1013.9 1071.9 1065.e 1043.8 le21.7 995 .. b 951.4 9S3. S 965.5 999.6 
STRAIN GXY 1021.7 1039.7 1106.0 2749.0 
ELE~ENT NO 13SS MOOl:U;S 1.1283 
ACTION SIT 20.0 40 .. Q 60 .. 0 80.0 100.0 120.0 100.0 BO.O 60.0 40.0 20 •. 0 0.0 20.0 40.0 60.Q 
AcnON SIT 80.0 100.0 120.0 0.0 
STRAIN GXY 215.0 529.5 722.4 1011.4 1374 •• 1765.') 1573.2 1328.4 1017.4 eB8.2 298 .. 9 42.1 244. a 531.7 838.8 
STurN GXY 1163.9 14tH.l 1856 .. ~ 58.2 
HEHNT NO 1455 NODULUS 1.171 r:; 
ACTIO!; SIT 2.4 4.d 7.2 9.6 16.8 14.0 11.2 8.4 5 •• 2.8 0.0 2.a 5.6 8. B ACTION ~IT 11.6 14. l,- 16.6 20. a 29.6 36.0 44.0 STRAIN XY 30.1 74.2 150.4 262.7 894.7 974.1 e42.6 a 10. 5 7t:b.4 106.3 624.1 642.1 682.2- 726.4 STRAIN GXY 784.5 846. /;) 91b. q 1392.5 3489.9 55Rl.5 g2eO.5 
~LEfJ,ENT NO 15SS MOOL.U .• S 1.2129 
ACTION SIT 2.4 4 • .'3 7.2 1l.2 9.6 7.2 5.6 4.0 1.6 0.0 2.4 4.0 5. " ACTION ~/T 7.2 9. (, 11.2 24.0 26.0 STRAHl XY 18.0 70.2 260. 'J 1132.2 1132.2 1110.1 1l02.C 1086.C 1049.9 1017.8 1031.a 1045.9 1074.0 STRAIN G.r 1102.1 1144.2 1178 .. 4 8U<,.3 12350.2 
ELEMENT NO 1655 MODULUS 1.2576 
A.CTION Sir 1.6 3.2 S. 6.4 8.0 6.4 S.e 4.8 3.2 1. " C. C 1.6 3.2 4.8 
ACTION SIT 6.4 7.2 8. 9.6 12 .. 8 
e13. a 823.0 e49.1 679.1 STRAIN Gn 18.0 46.1 260. 421 .. 4 957.4 953.3 949 .. ~ 943.3 £91.2 667 .. 1 STRAIN GxY 923.3 945.3 '.j8l. 2258.1 9422.9 
W 
-0:> 
TABlE C3 CONTINUED 
ACTION Sit (psi) AND STRAIN ¥x)' (microstrain) VALUES AT EACH INCREMENT 

























































































































































































































































































TABLE C4 DATA FROM BENDING AND TORSION TESTS ON MODEL ELEMENTS 
VALUES OF' ACTION loll (Ib-in/in) ANI) CURVATURE kx (x 10-" in-l ) AT EACH INCREMENT 
ELEMENT NO 1 MODULUS O.H50 
~mgU~~4 Q~{'O 13:I~ 2~:35 
1l1.f[UN M 0.0 3.8 7 .. 5 
"iC.*_1t;PWIt-4 _b .. D _ 5.56 __ 1.1 ___ 8.1 
ELE)<~~T _~O ____ 28 __ MO%,~~ 
~::TIo~ II 0.0 
K*"lOPWR,-4 ~O~? __ 
~L~/I\~NT Ni] t:\ODULUS ".p,e25 
A.:TIOf\l 1"1 OeC 3.3 
K*lOpwr.t-4 O!.O ,10,.97_ 
(:LEM~;IJT NO 4A MODULUS 
o\CTlON M (i.O 11..3 22.7 




ELEMENT NO 7 MODULUS 1-1175 
ELEMENT ~C 6A MJDULUS 1 .. 1442 
~~EMENT "10 SB MODULUS 1 .. 10'12 
ACT10N M {).J 4.1-
K*IDPWFt-4 .O,!!;' P..33 
18.8 15.1 11.3 7.b 3.9 0.0 3.8 
3'3.33 28.8222.92 IS.Co 12.15 4.db ::1.12 
13.41\i.7 8.1 5.4 2.7 0.0 
47 .. 22 43.4l) 39.1933.33 26.74 17.Ll 
23 .. 1 18 .. 5 13 .. 9 9.2 4 .. 6 0.('; 4.1> 
44.lG 39 .. 5a 34.83 26.82 ZI.ea 13.19 13.06 
18.1 14 .. 5 10.9 7.3 3 .. 7 J .. C' 3 .. 1 
51 .. 39 47 .. ;;12 4.3.4t1 1B.19 29aB6 19.75 22 .. 22 
3b.l 43.3 0.0 
6'l..'Sr 73 ... 2-6 1.74 
13.5 
44 .. 10 










23,.1 27.B 0.0 
4\.1 .. 03 47.92 13.54 
14.8 17.7 0.0 
54.86 64.24 21.53 
12.8 15.3 0.0 
:n .. 04 59.38 17.01 
31. D Cree 
44 .. 44 10.42 
18.1 21.7 0.0 




TABLE Cit CONTINUED 





ZlEMENT NQ lOB MODUlUS 1.2:515:' 
-A'-CTtON M C).J 6.7 11 .. 1 14.B --18-.. 2-






g!:-;~S'!'jT "'f0 __ 12S __ MOOU~U~ L,4l92 __ ~ 
A-eTION M :J.J 
K*lapWR-4 _9:.:2 __ 
EL~l'IeNT '\1:11 13 _";OOULUS. 1.4042 
<CTlON M 
K*lOPW~-4 
ELEMENT NO 146 MODULUS 1."83 






n,I""TlnN M 0.0 lB.2 36 .. 3 54:"5--- 72 .. 6 9J .. 8 1:'1R .. 9 
i<*lOPWR~4 r-~;,g,..(' 1~:,~2r ~~I~~~"~~" ~~..> 39 .. ~3 5;) .)5 60 .. :)7 
§LI;t1~~r NI)_ 
4C TION ~ 
i{""lQPWR-4 
15 _. ~ODUU,)S 
ELEME~r ~O 164 MODULUS 1.7J25 




























7 .. 29 
0.0 
1 a .15 
O.C 
0.35 




0 .. 0 






9 .. 72 
4.4 8.3 














It .. 32 
12.7 16 .. 9 21.1 25 .. 4 C.O 
3b.46 44 .. 44 53 .. 47 bl.Bl 18.40 
w 
'" ...... 
TABLE C4 CONTINUED 
ACTION M2 (lb-in/in) AND CURVATURE ky (xl0-4in-l ) VALUES AT EACH INCREMENT 
ELEMENT NO 14 MOOLlUS :).5643 
ACTION ~ O.~ 1.J 4 .. ~ 4.0 3.2 2.4 1.6 ».8 0.0 :1 .. 8 3.3 4.1 4.8 C.O 
'<.*IOPWR-4 0 .. 0 12.15 68.75 63 .. 54 53.82 39 .. 93 29.51 16.67 5.56 15.63 41':"65 bO.76 71.18 6.25 
ELEMENT NO Ie "OOUlUS ::.1300 
Ac-r-IDN M 0.0 ;) .. 5 2.9 2.3 1.7 1.1 (1.'5 O.C O.b 3.6 0.0 
K*lOPWR-4- .;: .. (. 11.46 66.67 57 .. 29 45.49 31.6;) 15.28 4.17 15.97 74.31 4.51 
=LEMENT NO MOOULUS 
ACTlON ~ 0.6 3.2 Z .. h 1.9 1.3 0.6 0.0 3.3 3.9 C.O 
K*IOPWR-4 15.63 7':1.49 59 .. 38 49.65 35.42 22.22 7.'}9 67.01 77.43 B.68 
ELEMENT NO 3d MOOUlUS ;I .. f' 317 
a,::rlON M ('.0 [, .. 7 1.4 2." 1.9 1.3 ~ .. ~ O.C ').7 3.9 G.O 
K*lQPWR-4 J .. D 11.<91 23 .. 61 52. :8 4-2 .. 01 3':.: .. 56 21.53 8.33 14 .. C6 69 .. 44 8.33 
ELEMENT NO 38 "'OOL.LJS 
A: Tl ON M C .. j 1.2 2.2 4.2 3.1 2.1 1.1 c.r; 1.1 2.1 
K*lOPWR-4 0.0 13.54 2 b .. ~14 54.8t. 41.32 29.17 lb.32 3.82 I? 63 26.14 
ELEMENT '0 MODuLUS 4.0 3.2 2.4 1.6 .8 C .0 o.e A:T!ON M 0.0 0.8 l.b 
K*lO?WR-4 0.-0 12.15 25.,:;:· 66.32 54.86 41.32 27.73 1 ').97 1 .. 4.7 13 .. 39 
ElEM=NT .NO SA MODuluS 1. ~1217 
ACTlOr>.i M o.t; :--.8 1.0 4.1 3. :3 2.4 1.b :'.8 'J.C '':: .8 1.6 2.4 
K*10P'ri'R-4 D.G 11.11 23.91:1 63.1. 53.92 40.63 :3~.56 17.16 6.60 11.46 27 .. 43 31. d5 
ELEMENT ~c Sg ,.",ODULUS. 1.: 3)3 
ACTION M J.S J.7 1.5 3. >! 2.3 1.6 c.8 c.c 0.0 K*loPwR-4 D. J 11." 1 24.31 64 .. 24- 4.6 .. 18 35.42 21.51 6.60 7 .. 99 
ELEMENT NO fJI('IDULUS 1 .. "917 
A:' TlOM M D.C 1.2 4.6 3.5 2.3 1.1 c.(, 1.1 
1(*10PWR-4 :).0 12.15 ~4 .. 17 41.32 3C .. 21 16.67 3.4-7 14. .. SA 
=l"EMENT NO 7, MODULUS 1 A:: HON H 0.0 1.1 2.2 3.1 2.1 1.1 0.: 1.1 C.O K*10PWR-4 0 .. :: 10 .. 76 220'12 39.-)13 27.43 1 S .. 63 3.P2 14.24 
-4.17 
~LEMHH ~o 18 MODULUS 1.1:'67 
olC TION M 3.4 2 •• 1.7 E.; 1.;: ;).9 1.7 !( 00 1OPWR-4 51.-)4 39.24 28.13 16.32 3 .. 13 13.69 24 .. 31 
ELEMENT 1'10 




TABLE C4 CONTINUED 
VALUES OF ACTION M2 (Ib-inlin) AND C~RVATURE ~y (.10-4in-1) AT EACH INCREMENT 
ELEI1Hn N:) CiJA MODULUS 1.20$0 
~~n~~R~4 )~5° ll;if 24~31 31:;5 49:31 ",~~i; 13!~I 6b~3i ';i5:~3 43:Zf. ; .:5~ l1:ci 
ELEMENT NO 96 
~c.Tt ::IN M 0.0 
1<~10P\olI\-4 3.0 
ELEMENT \1:0 1e 








ELfMENT r,lO 12 MODULUS 
A;:;TlCN M O~O 1.3 
K'(I:I0PI'II\-4 J",,' 11.41 
ELEME;'II.IT NO 114 M:JDuLUS 
"CTION M O'.C. 1.2 
K:q:10PW~-4" O .. l\ 1().42 
~LEME"n '<Q 136 ~IODuLUS 6.: TI ON M :,) ~:) 1.1 2.1 
j(;QIDP\ti~-4 ,.V lQ~ 76 21.1313 
ELEMEIJT ~O 
A: TlO!J M 
K*lCPW::t-4 
fLHENT \i;l 15. 








1 .. 5233 
3.3 
33.66 











44 .. 1:' 




S,' .. 31) 
~:TJ;)rJ H O~O 1 .. 3 Z .. S 3.7 S .. ~ 




60 .. 16 72.'51 
5 .. 1 b.3 
58 .. 33 6 ..... 44 
6.3 7.5 
63.H~ 16~ 74 
n.3 7.4 
5P.6fl 7:) .. 33 
0.2 7.5 
54 .. "l6 66.32 
'.7 ,.9 
56 ... ':14 6~ .. 4:! 
7.3 8.7 
61 .. 46 74 .. 31 
,., 7._ 
"'3.54 1':':,,]'; 




4.b 3.7 2.' 1. 0 I.e 
65 .. 63 54. t'l6 41.&1 29.';1 17.36-
5.4 4.3 3.2 2.1 101 63.54 52 .. :,~ 41 .. 12 3:) .. 21 17 .. 11 
5.2 4.2 301 2.1 1 .. 0 
b2.5L' -:'2" 7t1 41 .. 07 29 .. !3t> 16 ~6 7 
•• 3 5~ J 3 .. 7 2.5 1.2 
e,6"b7 55.:;-.t> 4?'il 28 .. 92 15.97 
6 .. 2 4.'1 3.7 2. S 1.2 
61 .. 46 50 .. 35 35.1Q 25.35 14 .. 24 
6.2 5~ J 3.6 2.S 1.3 
51 .. QQ 4i.l .. bl 3d.19 20.74 14 .. <:13 
5.9 4.0 3.4 2.3 1.1 
6J.16 51 ... ,:'4 39.9, 2P .. 82 1F, .. 32 
7.3 5.e 4.4 2.9 1.5 65.'n 53.82 42.C'>1 2Q.51 1 '5.'H 
h .. ;'; 4~ -j 3 .. 1 2., 1 .. 2 
64.Q3 54. "1 t,3 ~ ')b .. 21 11.30 
6.11 5. ; 4.1 2.1 1.4 
h5.03 ')4 .. 17 42 .. 3M 29.17 16.61 
6. , 5.;; 3.7 2 .. :> 1 .. 2 
6~.24 ')3.13 41.32 21) .. 13 1,>.)2 
().li I.e, 
4.~6 10.32 
'J.J 1.1 5.Qr 16.61 
::.c 1 .. ;) 
3 ... 47 14. c 3 
~', ~'J 1.2 
:3 .<;2 14 .. 24 
0.C, 1.2 
3 .. 13 13.SQ 
.'j.[ 1.3 
2 ..... 3 13.1q 
J .. 'J 1.1 
3 .. 47 13.54 
0 .. ( 1.' 
2.43 14 .. 511 
J • .; 1.2 




).?2 1; .. 58 
1.9 2 .. !? 3.7 
21 .. 1fl 3 1:<. ,:,q 51~39 
2.1 3.2 4.3 
t'P.13 3g.O;8 5u.35 
~. 1 3.1 4 .. 2 
26.74 3 7.55 4-S .. t:l1 
2.5 3.7 5. 1,' 
27..,)f 3?24 52.",8 
2.5 3.7 4.9 
24.31 35.;)7 4b.t<B 
2~ 5 3.8 S.C 
24. ~l 3-4 .. 72 44.44 
,.3 3.4 4.6 
25. ~ \ 3':1 .. 76 4t1~ 53 
2.<;- 4.4 5.M 
2R"I3 3-J.58 5) .. /./9 
2.5 3.7 4~ ') 
2?47 4 '.Lf1 ., 1 .. 1;J 
2.7 -.1 5.':> 
21.43 3::-.54 4:~. ;11 
2.5 3.7 ,),,;:: 





5 .. 2 
5e·..33 
6 .. 3 




54 .. ':11 
5 •• 




63 .. .,4 
6. , 
5~. 3 e 
6.3 




















10 .. 49 
7.5 





V .. O 
3 .. 82 
•• 0 
4 .. 11 
C .. ;) 
3.32 
(;.0 
2. .. 43 
(..0 
3 .. 47 








T~~~' DATA FRQM..MOQ£L FLEXURE TesTS- CONTINUED- TORStON 
C.'656J 
4.'99& 5.-9ge· 4.997'.4.000 2.'999 2.002 1.001 0.0 0.997 1'.9"99 2.995 4.99/. ~2~;~ 40.70 50.57 46,.26 40.48 33.56 25.17 16.33 6.92 12.02 19.16 27.32 ~.10 
-------... 
Z AVE tt AG I.:: 'ODULUS o.e1l9 
i:j- __ IfI..;.,A_ O.~49 0.699 1.052 1.402 1.,51 2.100 1.752 1.403 1.055 0.702 0.353 0.0 0.350 0 .. -699 1.053 1.403 1.752 2.10.2 
TWI!iT"~.2.49 9.07 19.03 26.64 35.15 44.44 42.86 40.10 37.87 34.24 29.31 ~2.5b 24.26 26.42 29.59 33 .. 67 3&.e-9 4S.12 
~.~ 
ELEMENT LABEL 3 .AVEl'{ASf MODULUS 0.9067 
;"'I-a-~~ 0.326 O.t>4B :1.974 1.301 1.622 1 .. 94~ 1.622 1.301 0.974 0.648 0.326 0.0 0.327 g,:~~ 0.916 1.303 1.626 1.953 TWIST '-;J P..34 19.-94. 30.50 40.59 51.13 61.1Q 59.0 7 54.54 47.73 39.23 29.25 18.14 21.77 35.49 44.44 53.74 62.59 
ELE;'\~NT LAeEl 4 AVEtlAG.:: "OOULUS 0.<'1705 
HI .... :.. 0.299 0 .. 59B ~ .. 911 1.500 1 .. 199 1.201 0.911 O.5gB 0.299 0.0 0.299 0 .. 598 0.911 1.201 1.500 1.799 
TWIST.., 5.90 15.0 B 2&~ 30 45.80 54.6F! 50.00 46.37 39.80 31.18 22.00 24.49 27.66 33.79 39.91 48019 56.01 
ELEMENT L.BEL 5 t.VErU,G:: "',O;)ULLJS 1.0270 
H .~",h" O~9q7 1.gQ'O 2.q97 3.1<19 4.gjh 5. ?gB t...9?7 4.000 2.999 2.002 1.001 0.0 0.997 1.999 Z.995 3.997 4.994 5.99. 
TWIST "-, '5. 78 12.81 20.7::; 2B .57 :rr .. 07 45.46 41.27 36.11 29.37 22.11 14.17 6.12 11.00 16'.89 24 .. 04 31.75 39.46 47.39 
ElE~ErH LABEL b AVE~ASE ACiJULUS 1.0182 
H 111-.1;.. 0.349 I).~')') 1.(152 1 ... 411 2:.100 1.412 1.055 0.702 0.353 0.0 0 .. 349 0.698 1.051 1.409 1.749 2.098 
TW 1ST "":I 3.06 7. ~2' 13.9' 20.98 37.913 34.13 31.41 28.12 2:3 .. q2 19.39 21.43 23.81 26.87 30.i!:7 34.01 38.21 
ELEMEHT LABEL 7 AvE?:AG.r: 'J.'J[1ULUS 1.123. 
H ,. .. ~!. .. Q .. 649 '). ~75 1 .. 302 1.62t.. 1.q51 0.652 0.330 0.0 0.327 0.649 0.976 1.303 1.626 1.953 
TWIST ""jIIIJ 11).e~ 2D .. l.l" 29.5'3 39.12 50.0J 39.68 34.69 2(: •• 87 26.46 30.8t, 33.90 38.21 44.5. 50.00 
ELEME" LA3El S AVr;:::'AS;:: v,r)f)UlUS 1. 169't 
H 16 .. :..J:... 0 .. ZQ9 D.SQ,9 1. zr'1 1.500 1.500 1.201 0.911 0.598 0.299 0.0 0.300 0.599 0.913 1.204 1.503 1.803 
TW151..., 5.18 16.78 3~.21 4-:0.32 57.03 54.54 50.91 44,10 35.49 24.bO 26.67 29.82 35.37 42.52 51025 59.86 
,.ABLiC4 CONTINUED 
MODUL"!iS 1.2145 
3,.,'):95 4.992 5. '93 4.991 3.994 2. ~92 1.995 0.993 0.0 0.998 2.000 2.997 4.000 4.997 5.999 
::H.63 40.82 51.13 47.17 41.72 34.92 26.87 18.03 a.l(, 13.27 20.07 27.89 36.29 45.01 53.40 
MDOIJLUS 1.2775 
HJ¥.:.,I.:. 0.349 O.6~8 1.051 1.40c:j 1.149 1.749 1.409 1.051 O.oOg 0.349 0.0 0.349 0.698 1.051 1.409 1.749 2 •. 096 
TWlST",,~ 3.17 8.62 Ib.10 24.04 31.S2 38.29 37.19 34.n 31.86 27.32 21.09 22.79 24.60 27.44 30.73 35.03 ltO.59 
·.LEMENT LABa II AVeRAGe ,"OOULU$ 1.3335 
HIb""-/::' 0.327 0.650 O.':l7--' 1.62A 1.62~ 1.307 0.981 0.056 0.335 0.0 0.326 0.'648 0.974 ~;.~gi h~H 1.949 TWIST 4" 3.17 10.20 1 E. 82 36.17 44.10 ""1.<::<5 3'J.23 35.60 30.27 23.02 24.72 26.96 30.05 "5.46 
ELEMENT L~8~L 12 /J. vc:c:.AG[ ·iOOUl!J5 1.4(14q 
H }f,,'-I.:. 0.bOO 1.2f'1S 1 .. 213 0.912 a.tolO 0.312 0.0 0.299 0.598 0.902 ~6~g~ 1.500 1.799 TWl ST k.~ 11.~~ 31.60 47.51 42..91 35.83 26.87 16.10 16.59 22.34 28.34 44.67 53.29 
ELEME~iT La.~=L 1:- 'It'fiUlllS. 1.4D 8& 
H 16·1..1"- 1.C):;;"} 3. Qg-, 4.'196 4.Q~H 2.999 2.002 1.001 0.0 1.002 2.004 3.002 4.004 5.002 b.004 
TWIST .. , i 3 ,,4tf 29 .. 4(' 37.41 40.59 L8.46 20.52 12.02 3.40 9.07 16.21 23.81 31.97 39.57 47.62 
ElEtjIE!"lT Ltt~EL 14 AV::~,\(",r ,.II"')[-jULlIS 1.57eo. 
H 1(",-/:.. 1.7-', ') 2 .. ~"QR 1.749 1.409 1.051 0.69~ 0.349 0.0 0.350 Q.699 1.053 1.412 1.752 2.102 
TwlST "'0 :;":'.61 3l?66 36.73 34.t.<:l 33.33 28.91 24.26 19.39 21.D9 23.36 26.19 29.93 34.01 39.3<t 
ELEMEI\jT lA.13EL 10 ;\V::'::> f\Gf- t,nnllL liS 1.t-5:1 
H l>tI.:.. 1.t-2 4 1.~51 1.675 0.9n 0.652 0.330 0.0 0.327 0.649 0.976 1.303 1.626 1.953 
TWIS ... ~;"7. 07 Lf).60 4"-.76 3:t.e() 36.17 30.&1 22.79 24.72 26.87 29.71 34.01 39.80 4b.83 
ElEMF:r-n L~BcL 10 ;\.VF:~il:::;F '1n~;UlL'1Z 1. ~'4 S!l 




TABLE 01 DATA FROM TESTS ON MODEL SHELlS 
SHEll 1, NAIL-GlUED 
APP-ROX. WATER LOAD CELL LOAD I NOS ClAL GAUGES REAC TO NEAREST .OC! INCH PRess. MANOMeTER LOS Nw 18 4 1 LIf~QF"T FTHeAO SW Sf:' NE 2 3 
" 
5 
" O. 0.'0 0.0 0.0 4g:,gl- 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 ~~:~-~~ -;. ___ ~: _,_S~ __ 
_O._OBO 35.59 47.72 42.08 0.0145 0.0105 0.0050 0.0080 0.010.0 C.OID.S 0.'0'090 0.00.115 
lO. 0.162 81.19 ea.7e e6.63 91.91 0.0295 0.0225 0.0090 0.0155 O. 0205 0.G225 0.0200 O.OIEoS 
15. 0.240 125. b 1 134.2B 134.05 131.31 0.0465 0.03bO 0.0 145 0.0255 g.0335 0.0360 0.0320 g:g~~~ 20. 0.320 171.21 119• 18 119.41 186.03 0.0635 0.0490 0.'0200 0.0345 .C4SC 8:g~;~ 8:m~ 15. 0.248 126.19 31.61 135.16 Ilt1.74 0.0490 0.0395 0.0160 0.0280 0.031>0 '0.031111 
10. 0.H2 84.52 93.22 90.-84 9h12 0.'0330 0.0280 8:8Mg 0.'0205 0.026'0 0.0280 '0.0255 'O.OU!> 5. 0.055 34.48 46.61 40.99 4'0.91 0.0 165 0.0160 '0.0120 0.0150 O.ClbO 0.0145 a'ClZ5 
o. 0.008 -8.90 3.33 1.11 3.32 0.0010 0.0040 0.0020 0.C030 0.0035 0.0040 0.0030 0.01140 
O. 0.005 -10.01 2.22 0.0 2.21 -0.0015 0.0050 0.0020 O. 0040 O. coso 0.0050 0.0035 0.0050 
5. 0.0134 38.93 51.05 49.85 55.31 0.0110 0.0205 0.0085 0.0145 O.OIRS C.0205 0.0180 0.0155 
10. 0 .. 164 80.01 e6.56 81.52 90.80 0.0290 0.0295 O.OllS 0.0210 0.0265 0.0;<95 0.0270 0.OZ25 
15. 0.242 123.45 132.06 129.62 133.99 g:8~~g 0.0410 0.0165 0.0285 0.0315 0..0410 0.0375 0.0]05 20. 0.320 169.05 p5.34 110.61 111.18 0.0530 0.0215 0.0375 0.0485 C.0520 0.0490 0.(1395 
30. 0.489 2;8.02 61.45 264.78 213.52 0.0965 0.0790 0.0305 0.0550 0.0125 0.0790 0.0120 0.0575 
40. 0.b49 345.l!8 352.90 353.40 364.32 0.1345 0.1035 0.0415 0.0130 0.0~65 C.I035 0.0955 0.0760 
50. o.a13 431.01 44'.01 43'h8Z 455.12 0.1745 0.1295 0.0515 0.0~15 0.1200 0.129, 0.1l90 0.0945 
60. 0.981 52b.05 526.02 520.69 540.39 0.2170 0 .. 1555 0.0020 0.11CO 0.1445 0.1555 0.1430 0.1135 
eo. 1.302 100.65 110.24 704.59 126.42 0.3100 0.2035 0.OB25 0.14/:0 0.1900 0.2035· 0.1885 0.1500 
100. 1.626 819.11 897.BO 881.85 912 .. 46 0 .. 41(;)0 0.2525 0.1015 D.Ule 0.2310 0.2515 0.2340 0.1860 
120. 1.952 1058.11 1010.91 1062.43 1098.49 0.5410 0.3020 0.1240 0.2185 0.2800 0.3025 0.2810 0.2230 
140. 0.0 1236.11 0.0 0.0 0.0 0.6840 0.0 0.0 0.0 O.c 0.0 0.0 0.0 
60. 0.970 524.93 ~34.90 531.17 Slt7.03 0.3240 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8: 8:8 -8.90 2.22 0.0 4.43 0.0600 -8:8035 0.0 0.0 0.0 0.0 0.0 0.0 -1l.12 0.0 1.11 1.11 0.0355 -0.1010 -0.0520 -0.2540 -c.0615 0.1830 -0.C045 
40. 0.650 348.10 359.5b 356.73 303.21 0.1115 0.04,,5 -0.0590 0.0225 -0.1555 0.0440 c.2815 0.0130 
80. 1.299 1~3.99 714 .. 68 109. 02 121.99 0.3445 0.1515 -O.OlSO 0.0910 .-0.05bO C.1515 0.3810 0.1510 
120. 1.921 1041 •• 5 1054.26 1051.35 1013.02 0.5500 0.2360 8:8m 0.1525 c.one 0.236C 0.4580 0.Z125 160. 2.533 1300. qJ 13.q7.17 1,385.92 1416.30 1.1100 0.2890 0.1190 0.Cb8C 0.2390 0.5090 0.2555 
o [AL G4UGES READ TO NEAREST .001 !.,!CH 
1 8 ~ 10 11 12 13 14 15 16 11 18 19 20 21 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0.0 
0.0055 0.0070 0.0115 0.01,0 0.0155 0.0125 0.0015 0.0080 0.0065 0.0120 0.0140 0.0145 0.0135 0.0105 0.0050 
0.0095 0.0145 0.0225 0.0280 0.0300 0.0210 0.0185 0.0150 0.Ol45 0.0240 0.0285 0.0305 0.0285 0.0225 0.0120 
0.0150 0.0225 0.0355 0.0440 0.0460 0.0430 0.0300 0.0240 0.0225 0.0310 0.0440 0.0470 0.0440 0.0350 0.0190 
0.0205 0.0310 0.0490 0.0600 0.0630 0.0590 0.0430 0.Ol25 0.0325 0.0505 O.ObCO 0.0640 0.0595 0.0485 0.0280 
B:8 l~g 0.0245 0.0;80 0.0465 Q.0505 0.0460 0.0315 0.0260 0.0255 0.0390 0.0405 0.0495 0.0465 C.0375 0.0210 0.0115 0.0260 C .. 0320 ;).0345 0.0310 0.0185 0.0185 0.0110 0.0215 O.C32C 0.0335 C.0315 0.0255 0.0130 
0.0015 0.0090 0.0130 O.OlAO 0.0175 0.0150 0.0045 0.0100 0.0080 0.0145 0.0110 0.0110 C.Ol00 C.0125 0.OQ40 
0.0020 0.0015 0.0015 O. 0020 l).a02S 0.0 --0.0010 0.0015 0.0005 0.0025 0.OC30 0.C015 0.0020 0.0010 -0.0035 
0.0030 0 .. 0005 -0.0005 0.0000 0.0005 -0.0020 -0.0100 0.00 1 0 -0.0005 0.0005 0.0 -O.COIC -0.C005 -0.0010 -0.0055 
0.0085 0.0015 0.0135 C. 0115 0.0115 O. a 155 0.0045 0.0090 o.OOPO 0.0150 O. a 175 O. a I 75 0.0160 0.0125 0.0030 
0.0 125 O.OlbO O.023C 0.0295 0.0295 O. 0265 0.0135 0.0150 0.0145 0.0240 0.02e5 0.C295 0.0210 0.0215 0.0090 
0.0110 0.0225 0.0345 0.0430 0.0445 o. 0415 0.0255 0.0230 0.0.'(25 0.03~O 0.C425 0.0445 0.0420 0.0335 0.0170 
0.0220 0.0305 0.0,,10 0.0:'>95 0.Ob15 0.0565 0.0380 0.0310 0 .. 0310 0.0490 0.0580 0.0010 0.0515 0.0465 0.0250 
0.0320 0.0465 o. C74D D. on a 0.0970 0.0900 0.0655 0.0495 0.0490 0.0710 0.0915 0.C915 o.ons 0.0140 0.0,,30 0.0425 0.0650 0.1015 Q.1245 0.1335 0.1245 0.0930 8:8m 0.0685 0.1065 0.126C 0.1350 0.12b5 0.1030 O.Obl5: 0.0535 0.0835 0.1315 0.1610 0.1120 0.1610 0.1225 0.0870 0.1375 0.1640 0.1750 0.1645 0.1350 8:m~ 0.01>45 0.1035 0.1625 Q.1190 0.2130 0.1995 0.1545 0.1085 O.lllO 0.H65 0.2040 0.2180 C.2055 0.1685 0.0850 0.1410 0.2255 0.2165 0.2';65 0.2785 0.2200 0.1520 0.1580 0.2425 0.2e95 0.3095 0.2920 0.2:395 0.1505 
0.1055 0.1895 0.29B5 0.3645 Q.3905 0.368" 0.2950 0.2005 0.2065 0.3260 O.3e90 0.4110 0.3940 0.3205 0.20a5 0.1265 0.2405 0.3010 0.4640 0.4>10 0.4100 0.3190 0.2560 0.2710 0.4245 0.5055 O.~425 0.5140 C.42bS g:~m 0.0 0.2995 O.47bC Q. S7RS O. b205 0.587') 0.4185 0.3210 0.3455 0.5,10 0.6445 0.6925 0.6580 0.5485 0.0 0.1585 0.2410 0.2315 0.30,5 0.2905 0.2355 0.1680 O.1~P.5 0.2590 0.3045 0.3245 0.3130 0.2665 0.1740 0.0 0.0345 0.0470 0.0545 0.0565 0.0525 0.0365 0.03bO 0.0335 0.0520 0.05S5 0.C595 C.ObOO 0.0525 o.ono 
-0.0090 0.0235 0.0210 0.0310 0.0315 o.12QO 0.0105 0.0230 0,,0200 0.0335 0.0355 0.C360 0.0365 0.0330 0.0145 Q.0355 0.0890 0.1315 O.l~AO 0.1675 0.bl0 0.1180 O.OQ45 0.0905 0.1395 0.1620 0.1720 0.2665 O.i4CO 0.0910 

























































































DIAL GAUGE5 R!:AD TO NEARE5T 
25 26 27 2a 
0.0 0.0 0.0 0.0 
0.0150 0.0145 0.0115 O.OOTO 
0.0315 0.0290 0.0245 0.0155 
0.0485 0.0450 0.0370 0.0240 
0.Ob5? 0.0615 8. 0510 0.0330 0.0505 0.0480 .OH5 0.0210 
0.0345 0.0330 0.0260 0.0190 
0.0180 0.01 TO 0.0150 0.0110 
0.0030 0.0035 0.0030 0.0030 
0.0010 0.0015 0.0020 0.0015 
0.0205 0.01'10 0.0160 0.0100 
0.0325 0.0300 0.0255 0.0160 
0.0460 0.0450 0.0310 0.0240 
O.Of}45 0.0605 0.0495 0.0320 
0.0H5 0.0935 0.0770 0.0500 
0 .. 1.1('0 0.1215 0.1050 0.0685 
0.1140 0.1645 0.1350 0.0880 
0.2145 0.2025 0.1660 0.1080 
0.2175 0.2810 0.2305 0.1505 
0.3905 0.3690 0.3045 0.1 'Jgo 
0.4,-170 0.4120 0.3895 0.25S? 
0.6205 0.5920 0.4935 0.3280 
0.3035 0.2940 0.2525 0.1160 
0.0535 0.0530 0.0415 0.0360 
0.0290 0.02R5 0.0265 0.0230 
~.1680 0.1605 0.1380 0.0980 
0.3295. 0.3160 0.2695 0.1885 
0.51)95 0.4890 J.4145 0.2835 
1.0>85 0."610 0.1885 0.5110 
.001 INCH EXCEPT FOR N05 32£?3 to .ceCI I~CH 
29 30 31 32 23 34 35 
0.0 0.0 0.0 0.0 o.c c.o 0.0 
a.coao 0.0120 0.0065 0.00235 0.C0265 0.0055 0.0050 
0.0170 0.025e 0.01a5 0.00430 a.c04iO C.OOTO o.ooco 
0.0270 0.0385 0.0290 0.00605 0.C0620 C.0080 0.0010 
0.0375 0.0530 0.0405 0.00615 0.00840 0.0095 0.0085 
0.0300 0.0425 0.0320 0.00<35 C.CC670 0.0075 0.0070 
0.0210 0.0300 0.0220 0.00465 C.C0490 C.OC55 0.0045 
0.0120 0.0170 0.0130 0.002eO O. CC260 0.0035 0.0020 
0.0035 0.0050 O.C040 0.C0080 0.00035 0.0015 0.0 
0.0045 0.0060 0.0030 O. 00C40-0. COOI0 -C.0005 -0.0025 
0.0160 0.0220 0.0165 0.0026C 0.C0255 C.C005 -0.0015 Q.0230 0.0320 0.0235 0.00415 0.CD405 O.OClS C.O -0. 
0.0310 0.0440 0.0335 0.00565 0.C0605 0.0030 0.0015 
0.0405 0.0510 0.0425 0.CC750 c.cceoo C.OO50 0.0040 
0.0590 0.0630 0.0625 0.CI1250.C1225 C.OC90 C.00S5 
0.0780 0.1100 0.0815 0.01550 0.Cl,,45 0.0130 8:3m O.O~Q5 0.1360 0.1010 g:mn 8:mg 0.0165 0.1140 0.1610 0.1195 0.037'5 0.0300 
0.1475 0.2095 0.1560 8:8~m 5:6mg 0.0440 0.0510 0.1805 0.2565 0.1920 C.C635 0.0150 
0.2135 0.3040 0.2285 0.04875 0.C5190 C.0895 0.1050 
o· C.03E80 C.Oe250 c.l2eo 0.1400 0.03110 0.C3520 C.0480 C.0450 
g:8u~ C. COBec 0.C0100 o. 0210 8:mg mUl 8:8ms g:g~m -0. un -0.7C40 0.0345 0.1 0.03570 O.C4075 -0.674C 0.0665 0.2 O. 04~55 O.C·5~6S -'C.6320 0.1155 0·677 0.4 0.13225 0.ce1l5 -0.516e C.2550 
TASle"'m . CONTINUED 
SHELL 2. NAILED 
... 'Alll'Rd I( • WATER ·LOAO C.fLLLOADrNGS DIAL GAUGES READ TO NEAREST .COl INCH 
PRESS. MANOMETER L8S 
LB/SOFT FT HEAD SW SE ~E NW 18 4 1 2 3 4 5 6 
O. 0.0 0.0 39:~3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 0.0 0.0 5. 0.080 37.81 37.67 36.54 0.0280 0.0195 0.0070 0.0130 0.0180 0.0195 0.01115 O. 014>5 fO• 0.155 82.30 82.12 84.20 B3.05 0.0715 0.0485 0.0195 0.0330 0.0445 0.0 .. 85 0.0 .. 105 0.03105 5. '0.241 124.56 124.29 127.40 128.45 0.lS05 0.0945 0.0385 0.a67\) O.cellO 0.09 .. 5 0.0900 0.0105 
rO' 8. 322 164.60 166.46 166.18 169.42 8:mii 0.1450 0.0590 0.1045 0.1350 0.1445 8. 1365 0.1070 5. .240 122.34 121.62 125.19 130.61 0;1'325 0.0545 0.0965 0.1235 0.1325 .1,250 0.0980 
10. 0.160 80.07 83.23 19.17 85.27 0.2010 0.1175 0.0480 O.(JS!:5 8:~~2~ 8:1m 8:~ug 0.0665 5. 0 .. 081 3~:~l 4~:~~ 40.99 44.29 0.1745 0.1010 0.0420 0.0745 O'r's o. ·O.0{)8 4 • .lt3 4.43 0.1410 0.0515 0.0340 0.0605 0.07100 O.Oel5 8:mg o. 580 5. 0.080 42.26 46.61 40.99 45.40 0.1585 0.0950 0.0390 0.0695 0.0885 g:m~ O. 685 10. 0.160 86.15 93.22 B4.20 B6.37 0.1195 0.1105 0.0455 8:8m 0.1030 0.1035 0.0605 p. 8:m 126.19 135.3q 129.62 133.99 0.2045 0.1210 0.0525 001190 0.1210 0.1190 0.0930 O. le9.05 119.78 171.72 176.07 0.2390 0.1475 0.0610 0.1065 0.1375 0.1475 0.1385 0.1090 
20. 0.320 169.05 182.00 l69.50 176.01 0.2410 8:lm 0.0630 O.l1CO 8:lm g:~m g:m~ 8:tm 25. 0.400 211.31 224.17 10.49 220.36 0.3440 0.0860 0.15(0 
30. 0.481t 250.23 268.56 252.59 263.55 0.4735. 0.2715 0.1125 O.ln5 0.2555 0.2720' 0.2535 8:ms 35. 0.551 291.38 308.51 291.36 302.31 0.6025 0.3340 0.1375 g:m~ 0.3135 0.3335 0.3110 ~O. 0.639 333.64 356.23 332.35 346.60 0.7555 0.4C25 0.1660 0.3780 0.4055 0.3745 0.2890 
45. 0.720 378.13 400.62 377.78 389.79 0.9355 0.4795 0.1975 0.3485 0.4500 0.4195 0."455 0.3"35 
50. 0.801 420.39 445.Cl 419.87 434.08 1.1250 0.5560 0.2285 0.4035 0.5230 0.5560 0.5170 0.3915 
55. 0.883 462.65 490.51 463.08 476.16 1.3305 0.6345 0.2605 0.4605 0.5910 0.6345 C.5890 0.4515 
65. i:gM 541.18 581.51 548.39 561.43 ~:~m 0.8145 0.3330 0.5420 0.7650 0.8H5 0.7535 0.5740 75. 633.93 t:66.96 024.83 6.4.48 1.0125 0.4180 0.6345 0.9570 1.0120 0.9365 0.6945 
DIAL I~AUGES READ TO NEAREST .001 INCH 
7 8 9 10 --11 12 13 !4 15 16 11 18 1 ~ 20 o~A 0.0 0.0 0.0 0.0 .. "O.:j 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0090 0.0150 8:8m 0.0215 0.0255 0.0250 0.0215 0.0145 0.0200 0.0255 0.0215 0.0215 g:m~ 0.0225 0.0160 0.0210 0.0370 0.0630 ').0655 Q.06.5 0.0565 0.0360 0.0470 0.0635 0.C7CC 0.0720 0.0625 0.0415 
0.0400 0.0740 0.1125 0.1300 0.1340 0.1325 0.1200 0.0720 0.0920 0.1325 0.1410 0.1505 C.1495 C.1345 0.01160 
0.0605 0.1150 0.1830 0.2105 0.2165 0.2145 8:1m 0.1120 0.1435 0.2155 O.2"lC 0.24.5 0.2430 0.2190 0.U50 0.0545 0.1070 0.1120 C.lo35 0.1990 0.1975 0.1045 0.1340 0.1995 0.2195 0.2245 0.2245 0.2040 0.1245 
0.0480 0.0960 0.1535 0.1725 0.1765 0.1170 0.1600 0.OB5 0.1190 0.1800 0.20CO C.2015 0.2030 0.1860 0.1140 
0.0410 0.0835 0.1345 0.1485 ~.1525 0.1540 0.1405 0.0805 0.1015 8:tm 0.1120 0.1745 C .1185 0.1640 0.1000 0.0315 0.0665 0.10BS 0.11':15 0.1225 0.1255 0.1155 0.0640 0.C165 0.1390 0.1410 0.1465 0.1315 0.0805 
0.0380 0.0745 0.1220 0.1365 G.1400 0.1420 0.1290 0.0725 0.0865 0.1385 0.1560 8:ms 0.1635 0.1510 0.0900 0.0450 O.O~45 O.l31C 0.1560 O.1~O5 0.lbl0 0.1450 0.0820 0.0980 0.1515 0.1765 0.1830 0.1,,10 g:mg 0.0520' o.ono 0.1560 0.1780 0.lQ40 0.1935 0.1630 0.0945 0.1110 0.1770 0.2005 0.2')045 0.2055 0.1&10 
O.OblO 0.11 4 0 0.1820 O.2DqO 0.215C 0.2125 0.1S90 0.1105 0.1400 0.2110 O.2;~5 0.2390 0.2385 0.2150 0.1320 
0.0620 0.1155 0.1840 0.2110 0.2110 0.2145 o.noe o .lI20 0.1415 0.2130 0.2375 0.2410 0.2405 0.2160 0.1330 
0.0840 0.1595 O.2SQS 0.3005 0.J075 0.3035 O.2b45 0.1525 0.1915 0.3005 0.3400 0.3445 0.3425 0.3045 0.1810 
0.1085 0.2110 o. 3~3C 0.4115 fJ.420C 0.4115 0.3545 0.2005 0.2530 0.4095 O.4eEO C.412S C.4eS5 g:~m 0.23,60 0.1320 ~.2630 0.4'40 1).':;2.20 0.5310 0.51 a ':> 0.4420 0.2465 O.313G 0.5110 0.5S6Q 0.6020 0.5930 0.2930 
0.15S0 0.3200 0.5495 0.6520 0.6640 0.·6445 0.5425 0.2990 0.3800 0.6"iO 0.1465 0.1':>60 0.1420 0.6355 0.355:; 
0.1875 0.3880 0.6135 0.8045 O.'HgQ ;j.T!} 15 0.6605 0.3610 0.4005 0.7810 0.9245 0.9365 0.9155 0.7760 0.4305 
'0.2165 0.4545 0.8005 U .. Q620 a.galS 0.9435 0.7805 0.4230 g:~m 0.9385 1.1105 1.1255 1.0990 0.9195 0.,5040 0.2455 0.5285 O.C)315 1.1360 1.1575 1.10·.0 0.9100 0.4895 1.1060 1.2705 1.333Q 1.3000 1.0190 0.5850 
0.3100 0.1050 1.2870 1.4H5 1.6140 1.5330 1.2345 0.650-'5 0.8440 1.5305 1.8015 1.8135 1.8240 1 •• 615 0.7800 
0.3850 0.9760 1.85C5 2.2110 2.3'40 2.2240 1.1325 0.SAB5 1.1es; 2.2'80 2.6595 2.8165 2.7505 2.1"00 1.0825 
TAi3I..E. D1 c::9N11NlJED 
~~ llIAL~~GAUGlS$~E"ll~TO ~ I>4E"REST .001 INCH EXCEPt FOR NOS 3Jlt~3 ~ to .0001 II>4CH 
23 24 25 26 27 28 2'1 30 31 32 34 35 36 (}.(; :0.-0 0.0 0.0 O.cO 0.0 0.0 0.0 0.0 0.0 8:804 
0._0 0.-0 
O~.O255 0.0270 0.02eO O.OloO 0.0225 0.0150 0.0155 0.0210 0.0150 O. O. 0.0035 
8:?Hrl 0.-Ob80 O.Ob95 0-.0070 0.'0575 0.0370 0.0385 0.0515 0.03'10 o. 0.00 O. 0.1109$ ~0.B90 ~0.1415 O'131'!) O.~lt1!5 0.0135 0.0715 0.0960 0.0700 o. 0.01 o. 8: 8m 0.1925 0.2225 0.2250 0.2190 0.1835 0.1145- 0.10b5 0.1410 0.1050 O. 0.03 o. 
0.1715 0.2045 0.2055 0.ZO~5 0.1135 0.1050 0.0985 0.1355 0.0965 o. ~ o. o. 8!m~ O.lbOO 0.1835 0.1840 0.1610 0.1510 0.0945 0.0880 0.1215 D.OScO o. C. o. 
O.l:JbO 0.1575 0.1570 0.1500 0.1370 0.0510 0.0135 0.1025 0.0125 o. 0.' O. ll.~o~z55 
8:IYlij 0.1-235 8:U1a 0.'1255 0.H05 0.0630 0.011" 0.0765 0.0540 c. 0 o. 0.0240 0.1400 0.1420 0.124C 0.0110 .  5 0.08a5 0.0630 o. O. O. 0.O2"'~ 
0.1340 0.1600 0.1620 0.1615 0.1390 0.0810 -0.0 5 0.1020 0.0730 o. O. O. 0.02:65 
0.1560 0.1831) 0.1860 g:l.i4~ 0.1575 8. 0940 -0.0 5 0.1190 g:m~ 8: c. O. 0.0285 1).1.870 
.8:mg 0.2200 0.1840 .1120 0.1045 0.144-0 O. o. 8:m~ 0.1900 0.2225 0.2165 0.1855 0.1125 0.1085 0.1490 g:lfl' III 8: o. 0.2615 0.3060 0.3120 0.3030 0.2565 0.1530 0.1425 0.1'180 0.181§ O. 1765 O. 0.0455 0.34'10 0.4140 0.4210 0.4090 0.3420 0.2010 g:~m 0.2545 o. O. 0.0635 0.4355 0.5215 0.5310 0.5140 0.4255 0.2480 0.3090 0.2210 O. 2C25 C. o. g:~g~g 0.5340 0.6455 0.6590 0.;'3;'5 0.5220 0.3010 0.2630 0.3685 0.2625 O. 2315 O. 30 0.1030 
0.6485 0.7905 0.8095 0.7790 0.&345 0.3620 0.3105 0.4345 0.3100 O. U35 O. 85 0.1320 0.1285 
0.7660 0.9405 O.?670 O.9Z7~ 0.7480 0.4225 0.3540 0.4H5 0.3545 0.2seo 0.1560 8:lm g:Ui~ 0.5950 1.1050 1.1400 1.0895 0.8120 0.4695 g:~m 0.5655 0.4015 O. 32b5 0.1815 1.2130 1.523Q 10 5845 1.5040 l.lS15 0.6490 0.1165 0.5010 O. 3940 0.3685 0.3125 0.2615 
1.1255 _ 2.2295 2.3810 2.2095 1.6600 0.1800 0.6045 0.1120 0.6225 O. 4115 0.5455 0.4765 0.39"5 
DIAL GAUGES CONTD. 
n IS 4 0.0 0.0 0.0 
-0.0025 0.0215 0.0190 
-0.0090 0.0120 0.0490 
-0.0235 0.1500 0.0945 
-0.0435 0.2450 0.1450 
-0.0415 0.2210 0.1350 
-0.0315 0.2015 0.1175 
-0. O~"'5 0.1120 0.1015 
-0.0300 0.1410 0.0810 
-0.03ZS 
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